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B hers expedition owed its origin to the continuous and wholehearted support 
of the Oxford University Exploration Club, in accordance with the rules 
of which it was organized. Valuable financial support was obtained from 
Government Departments, learned Societies, and commercial firms. Grants 
from the Royal Society and the Royal Geographical Society made the under- 
taking possible, and the generosity of the University as well as of Oxford and 
Cambridge Colleges consolidated the financial position. Additional grants 
were obtained from the British Association, the Worts Fund of Cambridge, 
and the H. G. Watkins Memorial Fund. The plans were finally settled by 
the co-operation of the War Office, which lent much valuable equipment, and 
attached two officers on service with the expedition. The Admiralty, Air 
Ministry, Meteorological Office, and Radio Research Station provided more 
equipment, and British firms contributed goods to the value of over £2500. 

The expedition consisted of the following members: A. R. Glen (leader 
and glaciologist), N. A. C. Croft (second in command, photographer, and 
chief dog driver), A. Dunlop Mackenzie (organizer and surveyor), A. B. 
Whatman, Royal Corps of Signals (wireless operator in charge of ionosphere 
research), R. A. Hamilton (physicist), R. A. Moss (physicist), A. S.'T. Godfrey, 
Royal Engineers (surveyor), J. W. Wright (surveyor), D. B. Keith (biologist), 
and K. J. Bengtssen (trapper). 

Each of the members contributed as much as he could reasonably afford, 
and from this source as well as from grants, and receipts from press and 
lectures, £4000 will finally be forthcoming. ‘This will be enough to cover the 
total expenses of the expedition, as well as the cost of publication of scientific 
results. The overdraft has been fully secured since the return of the expedi- 
tion, and the £2000 outstanding on return has been raised, without any 
necessity to ask for grants from private or other sources. The financial 
problems of the expedition have thus been settled with complete satisfaction. 
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For fourteen months in North East Land, equipment and food had neces- 
sarily to be of the very highest quality. In the selection of rations Dr. Zilva 
of the Lister Institute and Mr. France of Hoffmann La Roche gave continual 
assistance. Provisions for the base and for the ice-cap stations were based on 
the menus of normal life in England. Every variety of food was included, 
and there was a comprehensive range of different kinds of sweets and chocolate. 
Fresh meat was to be obtained by hunting, but tinned meats were taken in 
considerable quantities. At the base or at the ice-cap stations, it was hoped 
that rationing of jam and other luxuries would not be necessary. Only the 
highest quality of tinned goods was chosen, and they were not affected by 
frost. Tinned foods of good quality are preferable to bottled ones in a 
cold climate, especially as bottles are liable to be shattered by the freezing 
of their contents. It was felt that there was scope for originality in the choice 
of sledging rations. Those used by the British Arctic Air Route Expedition 
had proved sound but dull. Therefore full provision was made for experiment 
in this way, and cheese, dried vegetables, and bacon were included. The only 
failure was sugar: granulated or lump sugar has a permanent attraction, but 
the brown or Demerara became thoroughly obnoxious after continued use for 
several months. 

Fur clothing was not used, sheepskin being taken as a substitute, in addition 
to windproof suits of Grenfell cloth. The windproofs were double, which was 
a mistake, as they were too warm for hard sledging. ‘They were also unneces- 
sarily complicated, and zip fasteners were considered unsuitable for the con- 
ditions met. It is better to use several light anoraks, as the secret of com- 
fortable travel lies in the maintenance of an even temperature. Anoraks can 
be stripped off, so that there is no necessity for becoming either too hot or too 
cold. Light Shetland jerseys, Viyella shirts and pyjamas, and Braemar silk 
and wool underclothes, proved excellent in all conditions. Short ski socks, 
specially knitted by the Lexden Village Industries, were much more satis- 
factory than the Austrian skiing stockings, which were often difficult to dry. 
Climbing boots with sheepskin linings were used in the summer, and Lapp 
Kommager and Finnsko during the rest of the year. An adequate supply of 
saenna grass was taken. ‘The excellence of the clothing was well demonstrated 
by the fact that despite continuous travel throughout the whole year, and the 
prevalence of blizzard, no case of serious frostbite was recorded. 

For boat travel, a 22-foot half-decked launch was bought, driven by a small 
Seagull outboard engine, kindly presented by Messrs. John Marston of 
Wolverhampton. In addition there was an 18-foot whaleboat, and a light 
skiff, as well as two German Klepper canoes used as substitutes for kayaks. 

Through the kindness of the Danish authorities and in particular of Mr. 
Daugaard Jensen, Herr Knudsen, and Herr Binzer, twenty-three sledge 
dogs were obtained from Jacobshavn in West Greenland. Their number 
was to prove too small, but financial considerations were responsible for the 
restriction. Five 11-foot Nansen sledges and four g-foot Greenland sledges 
were taken; three of the former were built by the late Mr. Pitman of Byfleet. 
They reflected the greatest credit upon him, but various improvements have 
been found necessary, details of which are being published in the new edition 
of ‘Hints to Travellers.’ For traces, Messrs. British Ropes supplied a 34-inch 
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tarred hemp rope, which was found to be very suitable for all conditions. 
Lightweight sledge boxes were designed by Croft, from his experience on 
Martin Lindsay’s trans-Greenland Expedition, 1934. They were strengthened 
by a framework of wire, which was found adequate for protection against the 
hard usage to which they were subjected. One-inch Italian rope was used for 
lashing, and was thoroughly satisfactory for that purpose, as it was always 
pliable and easy to splice. Tent equipment included two domes as designed 
by the late H. G. Watkins for use at the ice-cap stations, two double pyramids, 
and three experimental lightweight tents designed by Croft in co-operation 
with Thomas Black of Greenock. 

A doctor was not taken on the expedition, as the medical man originally 
chosen fell ill shortly before departure, and it was not possible to find a satis- 
factory substitute. This was undoubtedly a risk, but it is only worth while 
taking a first-class man, for if anything does go wrong, it will probably be 
serious. Medical equipment was supplied partly by Messrs. Hoffman La 
Roche and by Messrs. Burroughs Wellcome. The sledging sets were beyond 
praise, but a more comprehensive dental equipment was badly required. 
Teeth gave most trouble, due possibly to the sudden changes of temperature 
from the interior of a hut or station to the outside. Extraction is a drastic 
remedy, and provision ought to be made for an automatic drill to enable 
satisfactory stoppings to be inserted. Anaesthetics, both local and otherwise, 
ought also to be provided. The necessary vitamins were supplied as follows: 
vitamin A and D by Adexolin and cod liver oil; vitamin B by Bemax and by 
dried yeast; the all-important vitamin C by Redoxon made by Messrs. 
Hoffman La Roche, and by Califorange. 


NortH East LAND AND ITS PREVIOUS EXPLORATION 


North East Land is the most easterly island of the Svalbard group. It is 
one of the farthest north countries in the world, its most northerly point 
being within 570 miles of the Pole. It is slightly larger than Wales, and practi- 
cally the whole of its interior is covered by inland ice. The north and west 
coasts however are an arctic replica of the Hebrides, the shores being broken 
by deep fjords, divided from each other by rocky headlands. Glaciers flow 
from the ice cap to some of the bays, but the east coast and part of the south 
consists of a practically continuous stretch of ice cliff, over 100 miles in length— 
the longest expanse outside the Antarctic. 

Professor Ahlmann, who led the 1931 Swedish-Norwegian Arctic Expe- 
dition, has summarized the history of the exploration of North East Land, 
and mention need only be made here of three previous expeditions. In the 
spring of 1873 Baron Nordenskidld attempted to sledge to the Pole from the 
north of Spitsbergen, but the ice conditions to the north of the Seven Islands 
forced him to return. Instead of travelling back to his base in Wijde Bay, he 
sledged eastwards along the north coast of North East Land to Rasch Island 
(formerly Van Otter Island), near which he turned southwards, being the first 
to ascend the ice cap. He travelled southwards, and swung to the west after 
40 miles, eventually reaching the north side of Wahlenberg Bay. There has 
been considerable confusion over the details of his route, as he reported the 
existence of a large ice-covered depression or bay, which he suggested might 
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be an arm of the sea coming in from the east coast. Professor Ahlmann has 
explained this by suggesting that he was considerably farther west than he 
imagined, and that in reality what he saw was the Eton depression, at the head 
of the Eton Glacier which flows westwards into Wahlenberg Bay. No explora- 
tion of the south-east interior of North East Land has been made, and it was 
one of the objects of the present expedition to clear up this mystery of the 
Lost Fjord. 

In 1924 the Oxford University Arctic Expedition led by George Binney 
carried out considerable exploration on the West Ice, while Binney himself 
with three companions made the first crossing of North East Land from Isis 
Point on the east coast to Wahlenberg Bay. The work of the expedition was 
much handicapped by the prevalent mist and low cloud of summer, while 
the thaw made inland travel well-nigh impossible. Despite these difficulties, 
valuable scientific data were accumulated, and the important conclusion was 
reached that instead of one main ice sheet, there were actually three distinct 
ice caps, the western of which was separated by an ice-free valley from the 
main ice cap covering the eastern part of the country. 

In 1931 Professor Ahlmann organized the Swedish-Norwegian Expedition, 
with a most comprehensive programme of research to be carried out in North 
East Land and in the surrounding seas. The plan was carried out with marked 
success, and Ahlmann himself travelled from Wahlenberg Bay, around the 
Eton depression, to a point some 20 miles south-west of Cape Leigh Smith. 
From here he sledged south-westwards to the Rijps Valley, which he crossed, 
and returned over the West Ice to his base in Murchison Bay. The journey 
was so timed that he avoided the height of the summer thaw, and by taking 
advantage of occasional spells of good weather, he was able to add considerably 
to the map of North East Land. Meanwhile the Quest had been carrying out 
oceanographical research between North East Land and Franz Josef Land, 
in the course of which many soundings were taken, and a few points fixed 
astronomically on the coasts of both countries. The programme of geological 
and biological investigations gave some interesting results, while detailed 
observation was carried out at the meteorological station in Murchison Bay. 

The present expedition was organized in close co-operation with George 
Binney, Professor Ahlmann, and other members both of the 1924 and of the 
1931 expeditions. To all these a great debt of gratitude is owed, for without 
their assistance the accomplishment of our plans would have been very much 
more difficult, if not impossible. Others to whom we wish to convey our 
sincere thanks are Professor E. V. Appleton, Dr. G. M. Dobson, Professor 
Lindemann, and Sir Frank Smith of the Royal Society; the late Sir Percy 
Cox, Admiral Sir William Goodenough, and Mr. A. R. Hinks of the Royal 
Geographical Society; Lord Tweedsmuir, Charles Elton, and Dr. K. S. 
Sandford of the Oxford University Exploration Club; Admiral Edgell of the 
Admiralty; the Army Council, General Dobbie, Colonel Chenevix-Trench, 
and the Commandants and staffs of the Signals Experimental Establishment 
and of Woolwich Arsenal; Sir George Simpson, of the Meteorological Office; 
Dr. Naismith, and Mr. Bainbridge Bell of the Radio Research Station; 
finally to Augustine Courtauld, Professor F. Debenham, Martin Lindsay, 
Dr. Loewe, Professor Rudmose Brown, J. M. Scott, and J. M. Wordie. The 
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Norges Svalbard-og-Ishavs-Undersgkelser gave every assistance throughout, 
and to its Director, Dr. Adolf Hoel, we are especially indebted. H.E. the 
Norwegian Minister in London, and the staff of the Legation were always 
most kind and helpful. The representatives of the Danish Government in 
Jacobshavn, Herr Knudsen, and Herr Binzer, gave us great assistance in 
purchasing our sledge dogs, while Mr. Daugaard Jensen was kind enough 
to make the necessary arrangements for the transport of the dogs from Green- 
land to Copenhagen. To all the Directors and employees of the many firms 
who greatly assisted us, we would like to take this opportunity of expressing 
our sincere thanks. Finally, to the two very good friends of the expedition, 
George Binney, who acted as our honorary Home Agent, and Carl Saether, 
British Vice-Consul in Tromsé, who was our Agent in Norway, any expres- 
sion of gratitude can only be inadequate. 


SCIENTIFIC PROGRAMME 


Despite the work of the three previous expeditions and also of the Russo- 
Swedish Arc of Meridian Expedition in 1899-1901, comparatively little of 
North East Land had been mapped. A geodetic triangulation had been carried 
down Hinlopen Strait and parts of the west coast surveyed. The head of 
Wahlenberg Bay had also been plane-tabled, but all that had been done else- 
where was the establishment of a few astronomical points. 

The north coast was virtually unmapped, and we planned to make an 
accurate survey of it, as well as of the east and south coasts, and of the interior. 
The previous expeditions had found their greatest difficulties in climatic 
conditions, for mist can cover the country with an impenetrable blanket, 
while gales might render travel impossible for weeks on end. It was therefore 
essential that the greatest time possible should be devoted to the survey, and 
it was planned that a boat party should attempt to map the western half of the 
north coast during the first summer. In the next year, as soon as light returned 
after the four months’ winter darkness, sledging parties would travel along 
the coasts over the sea-ice to complete the map. Subsidiary investigations 
on geology and on the bird and animal life of the country would also be carried 
out during these journeys, as well as around the base. 

Rijps Bay was originally to have been the site of the base, where an extensive 
programme of scientific research was planned. Researches on the ionosphere 
were to be made for the first time north of the auroral belt. A decade ago 
it was not understood why wireless signals were heard at much greater dis- 
tances than considerations of attenuation and the curvature of the earth 
would indicate. It was suggested that high in the atmosphere there existed 
a conducting layer, and that long-distance reception was due to the reflection 
by this layer of the waves which had been propagated upwards. The exist- 
ence of this ‘Heaviside layer” was definitely proved by Appleton, Smith- 
Rose and Barfield, Breit, Tuve, and others, whose investigations showed that 
reflections from a height of about 100 km. began about an hour before sunset 
and continued until shortly after sunrise. As it was clear that the sun was the 
ionizing agent, it was supposed that in the daytime the atmosphere down to 
below 100 km. was ionized by the ultra-violet light of the sun, but that the 
wireless waves were absorbed in the lower ionized regions where the density 
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is too great for reflection to take place (actually there is no sharp reflection but 
a gradual refraction). When however the ionizing agent disappeared, this 
absorption was reduced owing to the recombination of the ions, and the 
waves were reflected by the regions at about 100 km. where the density of 
ionization is low enough for reflection to take place. A few years ago careful 
experiments by Appleton indicated the existence of a high ionized region, 
the “F layer.” The ultra-violet light theory explains in general the observed 
phenomena of wireless transmission. In higher latitudes there are however 
occasions when no reflection takes place at all, and as these occur at times 
of magnetic storms and auroral displays, it is supposed that the air is then 
ionized at a low level where absorption takes place. It will be recalled that 
in 1928, for a few days while the earth’s magnetic field was passing through 
its maximum storm value of the 27-days cycle, no messages could be received 
from Nobile on the Italia. Observations were taken at Troms6 during the 
Polar Year, and some curious results obtained, but the 100 km. layer above 
Troms6 always receives radiation from the sun at some time during the 
twenty-four hours throughout the arctic winter; above North East Land 
(lat. 80°) this layer is in total darkness during part of the winter and thus for 
some time is uninfluenced by the ultra-violet radiation from the sun. 

The success of this part of the programme would thus bring results not only 
of theoretical, but of immediate practical value. Before we left England success 
was considered unlikely by the experts on account of the severe climatic 
conditions. It was certainly not going to be easy to run a petrol-generating 
engine in temperatures of 60° of frost, and the engine might be by no means 
the greatest problem. 

Meteorological records were to be taken at the base three times daily 
throughout the fourteen months which the expedition planned to remain in 
North East Land. These records were wirelessed back to Norway half an 
hour after each reading, and were included in the forecasting systems of 
various countries. This however did not exhaust the programme at the base. 
From October until March the sun is permanently below the horizon at 
80° north, and during that time the only light is supplied by the fleeting 
moments of full moon, and by the ever-flickering Northern Lights. Much 
research has been carried out on the aurora, but as there was still little informa- 
tion about certain of its features from this part of the eastern arctic, photo- 
graphs were to be taken and records kept of the better displays. 

Another subject to be studied was the atmospheric ozone. The ‘‘thickness”’ 
of the ozone layer was first measured by Fabry and Buisson in 1921 and was 
found to be about 3-0 mm.—that is, if all the ozone vertically above a certain 
area were isolated at atmospheric pressure it would form a layer 3-0 mm. 
thick. Subsequent work has been carried out by Dobson, Gotz, Chalonge, 
and others. Cabannes and Dufay estimated that the average height of the 
layer was 50 km. above the earth, though recent records from high-altitude 
balloons sent up by Wegener show that a large amount of the ozone is very 
much lower. Ultra-violet light of wave-lengths between 2800 and 3300A. 
produces ozone from oxygen, but ozone is decomposed by ultra-violet light 
of a wave-length of about rg00 A. In early days it was believed that the 
atmospheric ozone was created by the action of the ultra-violet light from 
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the sun, a state of equilibrium being set up between the producing and 
decomposing actions of the different wave-lengths. It was found however 
that whereas most stations had equal ozone values in the autumn, in spring 
the northern stations have much more ozone and show a rapid fall between 
May and June. The figures suggest therefore that the solar ultra-violet 
radiation is the chief decomposing agent, but that the ozone is created chiefly 
by atmospheric electrical discharges in the higher latitudes. It was thus very 
important to measure the ozone thickness north of the Arctic Circle. The 
experimental determination depends on the photography of the absorption 
spectrum of the sun by means of a special spectrograph camera; it would 
therefore be fraught with considerable difficulty, as the sun is never high in 
the sky, and North East Land is one of the cloudiest places in the world. In 
the winter when the sun would be below the horizon, the thickness of the 
ozone would be measured by observations on the Pole Star. The programme 
at the base was to be completed by measurements of atmospheric electricity 
and of terrestrial magnetism. 

The greater part of the interior of North East Land is covered by per- 
manent ice cap. There is much discussion and equally little knowledge of 
weather conditions in the centre of such an area, and there are also many 
problems connected with the age, thickness, and physical conditions of the 
ice itself which are keenly debated. The only way of attacking these questions 
is by establishing a station at which observations should be made over as long 
a period as possible. For many years it was thought that life at such a place 
through the cold and blizzards of a winter would be impossible. In 1930 
however Alfred Wegener put forward his plan of setting up a station in the 
centre of the Greenland ice cap, and after many difficulties he succeeded ; 
and as so much knowledge had been gathered by his expedition, and by two 
summer expeditions under Professor AhImann, it was extremely desirable to 
extend the investigation. North East Land was ideal, for its ice caps are only 
a fraction of the size of the Greenland one, and the shorter distances would 
greatly facilitate transport. There were however other difficulties. If tempera- 
tures would not fall so low, gales were expected to be much more severe. 
Four months’ darkness throughout the winter might be a complicating factor. 
Finally, instead of setting up one station, we were going to be optimistic 
enough to try and establish two. 

The object of these ice-cap stations was twofold: firstly, to continue the 
glaciological work carried out by Professor Ahlmann on the Swedish- 
Norwegian 1931 Expedition; and secondly, to investigate the nature of the 
violent winds which sweep off the North East Land ice caps. The glaciological 
observations aimed at an interpretation of present glacial conditions, and the 
measurement of the gain and loss of the ice cap over the winter and spring 
and into the following summer. In order to do this, precipitation, ablation, 
and thaw were to be measured with extreme accuracy, and not the least 
difficulty of the work lay in designing suitable instruments. The action of 
the wind was expected to be one of the most important factors of removal, 
and it is one which is most difficult to measure. Not only has the amount of 
snow removed by wind action during times of non-precipitation to be 
measured, but also the amount drifting from the surface, as well as from the 


200 THE OXFORD UNIVERSITY ARCTIC EXPEDITION, 


falling snow during blizzards, must be estimated. In addition to this the 
small-scale structure of the ice was to be examined with special reference to 
the crystal change undergone in the development of snow to firn, and finally 
toice. The probability that the winds would be exceptionally violent rendered 
the design of the winter stations difficult, especially as it was unlikely that it 
would be possible to use the snow for constructing snow-houses. The 
solution lay in sinking a dome tent, much like the one used by Courtauld in 
Greenland, flush with the surface of the ice, and in excavating storehouses 
and passages below the surface. The station had to be adequately warmed 
and insulated, and the provision of paraffin heating stoves necessitated a 
system of ventilation which would provide sufficient escape for fumes, and 
also allow enough fresh air to enter without unduly reducing the temperature. 


ESTABLISHMENT OF THE BASE HUT AND SLEDGING BASE 


It is generally considered essential that both a Norwegian ship and crew 
be chartered for an arctic voyage by an English expedition. The sealing 
fleets of Norway certainly offer a fine selection of wooden ships, but on the 
other hand they are small and invariably under-engined. A wooden ship 
may be desirable, but Discovery IJ in the Antarctic has shown the qualities 
of a steel ship. When the number of vessels laid up in English rivers and the 
Scottish sea lochs be considered it would seem probable that some suitable 
ship could be obtained. A crew recruited from the fishing communities of 
the east coast, leavened perhaps by the inclusion of two or three skilled ice 
navigators, would probably be satisfactory. The ideal ship for the modern 
expedition is certainly not the wooden sealer. 

Nevertheless, we went to Tromsé for our ship, chartering the Polar during 
the early stages of the organization. Subsequent expansions in plan entailed 
an enormous increase in food and equipment, which was finally very much 
more than the Polar could even unsafely carry. The excess was therefore 
taken to the north of Spitsbergen by the Lyngen and dumped in South Gat. 

On July 27 we sailed from Troms6. Ice conditions in the early summer had 
been extremely bad, and for some time it was doubtful whether any part of 
North East Land could be reached. Southern gales however steadily improved 
matters, and by the beginning of August there was only drift ice surrounding 
the north-west. Under these circumstances it was certain that the Polar 
would be able to break her way to Rijps Bay. What was doubtful however 
was whether she would then have the time to land the first cargo, return to 
South Gat for the excess, and make the third journey with it back to Rijps 
Bay. Caution prevailed, and as a result it was decided that the base should be 
established instead in Brandy Bay. 

Far inside the bay on its southern side was a perfect site, but the inner basin 
was still covered by thick unbroken winter ice, which was too heavy to be 
penetrated by any sealer. Moreover a ship’s best way of smashing ice is by 
running her bow over it and thereby breaking it down by sheer weight. 
The Polar was so heavily laden that she was quite unable to override the ice 
in this manner. Two alternatives faced us: either sailing out to wait in a safe 
harbour at Low Island, or establishing the base on a small promontory below 
the steep cliffs at the north-eastern entrance point to the bay. In the latter 
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event, the ice cap would be unapproachable save by boat until the bay again 
froze, as the land route consisted of 30 miles of rocky shore. The position 
would suit the scientific programme proposed for the base itself, but it was not 
suitable for penetrating the heart of the country. The later establishment of 
a smaller station near the best route to the ice cap, for use as a sledging base, 
would probably solve this difficulty. Waiting for a hypothetical break-up of 
the ice certainly seemed ludicrous, and the promontory, Depét Point, was 
chosen for the base. 

This small north-west peninsula, consisting of grey granite, is steep and 
rocky. Its flat-topped, sheer-sided mountains are different from any found 
in other parts of North East Land. On its highest point, Snow Toppen, is a 
small ice cap sending a little glacier down to the south, where it ends about 
200 yards from Zeipel Bay itself. Gorges and deep valleys separate the 
different blocks, and the whole peninsula is divided from the rest of North 
East Land by the low neck of land known as Extreme Valley. North Cape 
itself is an island, similar in appearance to the peninsula and divided from 
it by Beverly Sound. 

In three days’ time the first cargo had been landed, the ship departing to 
pick up the remainder at South Gat. On her return the timber for the hut was 
brought ashore, the crew setting to work upon it. The members of the 
expedition took no hand in this, for it was found uneconomical to build a 
house in two languages. Furthermore, there was more than enough to be 
done to keep every one busy: scientific equipment to be prepared, sledges 
and dog-harness to be got ready, wireless masts to be erected, stores to be 
unpacked. 

The hut was 30 feet long by 20 feet wide. The walls were double, enclosing 
a 3-inch air space, while outside tarred paper covered the planking as an added 
protection. It would have been better however if the planking had also been 
covered with some extra insulating material such as tinfoil. Inside was the 
main living-room, a bedroom with nine bunks, a small larder, and a little hall. 
The stove, in one corner of the living-room, burned coal or driftwood, but it 
was inadequate to heat the whole hut under cold weather conditions. Small 
portable oil stoves were also taken, but the paraffin available for these was 
unfortunately limited. Overhead was a large loft invaluable for storing equip- 
ment and personal belongings. Its ceiling however was only single, causing 
hoar frost to collect thickly upon the wood, and also making it a perpetual 
reservoir of cold. Outside were two dog houses, and a second tiny hut, 80 
yards distant from the base, used for the ionosphere research. On the southern 
wall of the base hut was the engine room, housing the small Petter generating 
unit, and an Austin-7 engine, used with the large transmitter. 

By the middle of August the meteorological instruments had been set up 
and full records begun. A few days later the ionosphere transmitters and 
receiver were ready, the first records being taken on August 30. It was some 
weeks before some minor difficulties were completely eradicated, but the 
results at least showed that the sets had suffered no damage in transport. 

Brandy Bay is more a conglomeration of small coves leading off a central 
basin than a single bay. On both its eastern and western sides it is mainly 
ice-free. The Hansteen Peninsula separates it from Lady Franklin Bay 
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farther south, while only 5 miles of land on the north lie between it and the 
coast. At the head of the different coves are wide valleys, separated from each 
other by characteristic rocky headlands. It was very different in fact from 
its appearance on the map. Dunlop Mackenzie and I had been hunting in 
the inner part of the bay one afternoon, and on continuing on to the head 
of the bay we found a little inlet, with a glacier coming down from the ice cap 
to within half a mile of the shore. Offering an ideal route to the interior, it 
was indeed a fortunate discovery, for it was unmarked on any previous map. 

This was the only part of Brandy Bay in which the ice cap approached the 
sea, although the head of Lady Franklin Bay is actually formed by the ice 
cliffs of a large glacier. Elsewhere, undulating hills separate the ice from the 
shore, behind which it ends in slopes of varying steepness. On one old Dutch 
map however a glacier with ice cliffs is also marked as forming the head of 
Brandy Bay. In fact it is possible that the retreat at this point in three hundred 
years has been about a few hundred yards. On the hills, granite erratics lie 
everywhere around, and there is indication not only of a recent retreat, but 
also of one of a much greater proportion, prior to which the whole country 
must have been ice-covered. The small glacier itself is thoroughly decadent, 
and its lower slopes are only nourished by drift snow because it is in a generally 
windless zone. 

As a route to the interior however it was perfect although steep, as in a 
little under 2 miles it attained a height of 1500 feet. From the top of its basin 
the true ice cap began, rising in the south into an undulating succession of 
domes and hollows. To the north however an ice-covered col led to the 
Lindhagen Glacier, and so down to the north coast. It was the obvious site 
for our sledging base. 

Some years before Bengtssen had built a small hut on the southside of the 
bay. When the base was completed the Polar sailed across the bay, and this 
hut was trundled down the shore, being then rolled on to two whale boats. 
After being towed 5 miles to near the small glacier, it was landed, rolled up 
the shore again and set up apparently none the worse. Its position was later 
found to be in one of the windiest parts of North East Land, for blizzards 
used to rush down the glaciers behind, striking the hut with all their force. 
For days on end it would shake and groan, and one might sit inside it wonder- 
ing exactly when it was going to be blown out to sea. It was stronger than it 
looked however and it made an excellent sledging station. 

Work on the huts was finished in the third week of August, and the Polar 
left for Norway on August 22. Preliminaries were now completed and the 
programme of the expedition itself at last could be begun. 


‘THE FIRST SUMMER 
(1) Boat journey 


The survey planned was to be approximately third order accuracy in the 
Ordnance standard. Control would be given by a theodolite triangulation 
upon which the detailed plane tabling would depend. An aeroplane of course 
would have greatly facilitated the whole programme. The full possibilities 
of the value of aircraft, not only for discovery but also for filling in survey 
detail, have been thoroughly proved by recent polar work. Such expensive 


NORTH EAST LAND, 1935-36 203 


equipment however was far beyond our reach. We sought therefore the 
maximum efficiency with the simplest equipment for the relatively high 
standard of accuracy at which we were aiming. The fundamental necessity 
was that of time. Spring and summer of the second year could be entirely 
devoted to survey, but when autumn came in the first year the dying light 
would prevent serious work after the middle of September. As soon as possible 
therefore a party should travel eastwards, with the intention of mapping as 
far as time and ice conditions permitted. It was hoped that Rijps Bay could be 
reached, which would give an excellent beginning for the next season. This 
however would depend on weather and the sea ice; travel would be by boat, 
which in the later summer was the one effective method. 

The whole of the north coast was virtually unknown and entirely unmapped. 
During the Russo-Swedish Expedition several points had been fixed which 
gave a suitable beginning for the surveys of this expedition. Of these, one 
was Cape Hansteen at the south-western entrance to Brandy Bay; another, 
Walden Island, and a third, Extreme Hoek, giving three perfect points. 

In addition to the survey of the north coast, it was also hoped that it might 
be found possible to map parts of the east and south coasts as well as a few 
small areas on the west coast which were still unsurveyed. ‘The whole pro- 
gramme was under the charge of Wright and Godfrey, while Dunlop Mackenzie 
and Keith had also been trained as assistant surveyors by the Ordnance 
Survey as well as by the Royal Geographical Society. By the end of the 
expedition however every member had become a more or less competent 
surveyor, Croft and Hamilton being especially good. 

On August 19 the boat party, consisting of Wright, Keith, and Bengtssen, 
started from the base. They took the 22-foot half-decked whaleboat, driven 
by a small Seagull outboard engine. In addition to their tent, sleeping-bags, 
and equipment, they carried full rations for eight weeks. As well as being in 
charge of the survey, Wright hoped to carry out investigations on the rock 
structure of the coast, while Bengtssen was to hunt so that as much fresh 
meat as possible might be brought back to the base for the winter. For this 
reason, the boat was larger than was necessary for three men, and it was 
impossible to draw her up the beach out of danger of sudden storms. 
Bengtssen, who was in charge of her, took every precaution to find safe har- 
bours. This nevertheless was a disadvantage, since much time was often 
wasted by the surveyors in reaching their work, as harbours controlled 
camping points. The boat herself was only a cheap launch. The original 
hope of a really suitable boat had been vetoed by financial reasons. Built in 
Tromsé, she had cost only £18; she was certainly unsafe in a storm, and even 
in moderately bad weather the outboard engine was often swamped by the 
waves and put out of action. The engine itself however gave wonderful 
service. It seemed quite happy when spray froze thick on all parts not actually 
hot. The steering handle was wrenched off, but the boat was sailed with the 
spanner gripping the steering column. The thrust shoe disappeared, but 
another was improvised. Over the winter the whole engine was to be buried 
in a snow drift for six months. On being brought to the base it started at the 
first attempt without any overhaul or repairs at all. It functioned throughout 
despite rough usage and bad conditions. 
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The first camp was at Extreme Bay, behind which is the trig. point, Extreme 
Hoek. Most of the beacons marking these points originally consisted of a 
metal drum on top of a 10-foot pole held up by wire stays. In most of them 
however the stays had broken and the beacons had fallen down or even 
completely disappeared, which caused considerable trouble to the surveyors. 

At the head of the bay is a low valley leading across to Brandy Bay. On its 
western side a glacier flows down to the water’s edge, ending in 70-foot high 
cliffs. From the sea it would appear as if it were joined to the West Ice itself, 
but in actual fact it is separate and without any apparent feeding ground. 
The firn line is relatively high in this neighbourhood, between 1750 and 1900 
feet, and the existence of this glacier with its signs of activity is most surprising. 
Behind it lies a lake, between which and the ice edge proper extend undulating 
granite slopes covered by frost-shattered screes. 

Slightly farther east, between Lindhagen Bay and Loven Bay the ice cap 
reaches almost to the sea. In Sabine Bay the cliffs of a glacier actually rise 
from the water in the west, while only a narrow strip of moraine separates 
bay from ice in the east. A few islands and small skerries lie off the coast, 
the largest being Scoresby Island with the three smaller Sabine Islands to 
the south. Curious long low spits run northwards, culminating in hillocky 
promontories. One of these is Cape Lindhagen, but if the spit were 50 fect 
lower the cape would be an island. Another is Reindeer Peninsula, while a 
third slightly different is a low narrow promontory which divides Sabine 
Bay into two. On the slopes everywhere are old beaches, some perfectly 
preserved, showing the variations in elevation which have occurred. 

Throughout this area the West Ice is absolutely stagnant. It would be 
incorrect ‘to say that it is retreating: it is melting away in situ. In other 
places, where there is comparatively rapid movement, there has also been 
retreat. The Lindhagen Glacier in twenty years has gone back more than 
2 miles, ending now in a rounded snout, far inland, instead of being a sea- 
face glacier. The Lady Franklin Glacier too has retreated no less than 4 miles 
in ten years, a remarkable change in such a brief period. 

Along the moraines in East Sabine Bay are four valleys giving a perfect 
illustration of different stages of glaciation. One was filled with a fossil 
glacier. It was dead and the ice was fast rotting; there was no movement, and 
in a few years the valley will be bare rock and sand. Next to it was another, 
from which a similar glacier had recently disappeared. There was no vegeta- 
tion, the rivers being young, and it had all the characteristics of land recently 
exposed. The third valley had been ice-free for longer. Clumps of saxifrage 
were growing in more sheltered spots, while the coves and promontories of 
the moraine had lost their clear-cut features. It was long since the ice had 
filled the fourth valley. The land features were not only rounded but every- 
where covered with scrubby grass which might have been part of a high 
Scottish moor. The sequence was remarkably vivid and the process of de- 
glaciation must still be going on. 

Rijps Bay divides the north coast into two well-marked units. The eastern 
half of the western unit consists of Plancius and Loven Bays, which are sep- 
arated from each other by rocky undulating hills from which the ice covering 
has long since disappeared. The margin of the ice cap lies far inland, and 
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between the hills are wide valleys, now also ice-free, and studded by lakes 
joined to each other by meandering streams. From here eastwards to Dove 
Bay the effect is Hebridean, for though the vegetation is as barren as else- 
where, the varying colours of the rocks are rich, giving an impression of 
fertility. In places too the formations are of great beauty. The western side 
of Plancius Bay is perhaps the loveliest, formed of a succession of strata stand- 
ing almost on end and alternating black, purple, white, bright red, and gold: 
a truly marvellous sight. 

Between North Cape and Rijps Bay are three well-marked geological 
units. The granites from North Cape area are extremely complex, but this 
formation continues to the eastern side of the Sabine Glacier. From there to 
the eastern side of Loven Bay is a large porphyry block, probably faulted on 
its eastern side where the younger beds of the Hekla Hoek series begin to 
appear. These last continue eastwards to Rijps Bay and southwards to within 
a few miles of the bay, where the Rijps Valley granites again come in. The 
Hekla Hoek series consist predominantly of quartzites, shales, and slates, 
with occasional dolomites. The folding, as was indicated by Sandford and 
Kulling, becomes gentler towards the east, and there is a certain indication 
that the beds also become thinner. Nothing definite however can be said 
until the geological results are fully worked out, which is being done with the 
kind assistance of Dr. Sandford. 

Land features are generally rounded, screes consisting of frost-shattered 
boulders lying everywhere. Vegetation is incredibly sparse, and practically 
non-existent except below bird cliffs or in particularly sheltered valleys. 
Near the ice edge in the neighbourhood of Loven Bay and west of Rijps Bay 
there are signs of very recent exposure, not by dramatic ice retreat, but by 
this same melting in situ. This is the most characteristic feature of glacial 
conditions on the whole north coast. The ice appears to be stagnant and 
generally remarkably thin, clearly reflecting the subglacial topography. 

By the end of August the survey had been completed as far as the mouth 
of Rijps Bay. This large inlet running southwards is a true fjord. From its 
head continues a valley which connects with Wahlenberg Bay, thereby dividing 
the East from the West Ice. The bay is very much larger than it has been 
marked on any previous map and several smaller bays open off the main basin. 
Six miles south of Cape Loven it divides into two, the western fork continuing 
south-westwards, with at its head two glaciers flowing down from the West 
Ice. 

On the western side of their basin, 5 miles distant from the bay, is a nunatak, 
named the Ivory Nunatak, discovered in the course of this journey. Hitherto 
it had been believed that the West Ice was unbroken by any rock exposures. 
This however is entirely wrong. The Ivory Nunatak is the largest, 2 to 3 miles 
from north-east to south-west, its summit towering 1000 feet above the ice. 
Formed of three beds of the Hekla Hoek series, on the west is a precipitous 
scarp face. The strike accords with the boundary between the porphyry 
and Hekla Hoek beds in East Loven Bay, so it is possible that the western 
face of the nunatak marks the continuation of the same fault. Smaller rock 
outcrops break the ice covering at other points in this neighbourhood, as well 
as farther south in the Rijps Valley. On the west coast too there is a line of 
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small outcrops along the southern side of the Lady Franklin Glacier as well 
as on the high ice ridge east of the head of Brandy Bay. 

The eastern fork of the bay continues due south, separating at its head into 
two small inlets with on its eastern side a third narrow inlet breaking the coast. 
The ice does not reach the bay in any part of this fork, the East Ice never 
approaching nearer than 10 miles, while on the western side the West Ice 
only once approaches the coast, and that in a tiny glacier tongue ending half 
a mile from the shore. This nevertheless, with one exception, is the one and 
only good route on to the ice cap from the whole of Rijps Bay. The two glaciers 
at the head of the western fork are shattered by crevasses and seracs, which 
continue far inland, but there is a way up the north side of the farther north 
of these two. 

With the beginning of September the weather deteriorated. Low cloud 
and mist hung around the survey points, and it was soon obvious that the 
party was faced with the alternative of return, or the adoption of a new method. 
Wright thereupon decided to continue, starting a new triangulation, which 
would be joined to the main triangulation in the following spring. Depression 
angles were also used for mapping the intricate coasts and in a week the 
western fork of Rijps Bay was completed. Three days later the survey had 
been extended to the head of the eastern fork and the east coast of the bay 
begun. 

On September to the party set off northwards along the east side of Rijps 
Bay. Their attempt to find a suitable harbour however was vain; from 
Zordragger Bay to Wordie Bay there is only one round cove, offering 
virtually no shelter at all. Zordragger Bay itself was filled with pack ice, and 
as the weather was becoming worse, Wright decided to turn for home. 

For the first 40 miles they sailed in the lee of the incoming pack ice, 
sheltered from the freshening north wind. Near Extreme Hoek however 
there was a gap in the ice, the sea becoming so heavy that the outboard engine 
was put out of action. The boat was heavily laden and almost impossible to 
row. After a long struggle however they succeeded in reaching the shelter 
of Extreme Bay. In this protected harbour they remained for a day, and then 
with oars and sails reached the base two days later on the evening of Sep- 
tember 14. Bengtssen had succeeded so well in his hunting that at the end of 
the journey the boat had a freeboard of only a few inches. 

The work done gave an excellent beginning for the survey the following 
spring. The main triangulation had been carried from Extreme Hoek to 
Cape Loven with the secondary triangulation extended to the eastern side of 
Rijps Bay. The ice-free land and coasts had been plane tabled and contoured 
in 100-metre lines. In fact the mapping of the western half of the north 
coast was complete. 


(2) Sledge journeys 


After the establishment of the sledging base activity was concentrated on 
the transport of equipment to the two stations which it was hoped could be 
set up on the ice cap. The intention was to study meteorological conditions 
and to carry out investigations on the age, balance, and physical conditions 
of the ice itself. Over the winter temperatures would be low and gales frequent. 
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Four months’ darkness was a further complication. We were convinced 
that good results could only be obtained in comfort, and this greatly depended 
upon equipment. 

It was true that distances were comparatively short. It was unlikely that 
the central station would be more than 15 miles from the coast, and the 
northern station might be as little as 5. Nevertheless twelve tons had to be 
carried on sledges to these stations; seven and a half tons for two men for ten 
months at the central station, and four and a half tons for two men for four 
months at the northern. Only twenty-two dogs were available. Three men 
would be required for the establishment of the central station, leaving only 
Croft and Godfrey for transport. 

An unexpected thaw made it impossible to start ice-cap sledging until 
September 6. This period however was used in transporting the equipment 
over the half mile of ice-free ground separating the glacier from the bay. 
This was more difficult than it may sound, for the ground, littered by boulders, 
was also cut up by deep stream beds. Two cartwheels had been bought in 
‘Troms6 with the intention of making some sort of cart for use over surfaces 
of this nature. It was not nearly strong enough however and after the 
first attempt it was smashed to pieces. From then onwards Greenland 
sledges had to be used. These, fitted with steel runners, are very strong 
but correspondingly heavy. Huskies love normal travelling, but stopping 
every moment with a jerk and progressing again at a crawl is purgatory to 
them. For crossing such ground, motor bicycle wheels with pneumatic 
tyres ought to be taken so that they can be fitted to the sides of sledges, thereby 
giving a perfect method of transport, much used by some of the Norwegian 
hunters in East Spitsbergen. 

At last however everything had been brought to a dump on the glacier, 
and on the morning of the 6th conditions had so far improved that the true 
work of establishing the stations could be begun. While sledging to the centre 
of the West Ice the route was marked at each quarter of a mile by alternate 
red and black flags. Some of the poles were dug into the snow to a depth of 
not more than a foot, but despite the fact that 8 feet of pole were showing 
above the surface, many of them were completely buried by the beginning 
of the following summer. In case a party should overrun the station during 
bad weather, two lines of four flags were later set out from it at 45° to the route, 
red to the north and black to the west. They were little more than 100 yards 
apart, but so frequent was mist and blizzard that they ought to have been 
much closer. Once Croft and Wright, while searching for the station in bad 
weather, came so close that they actually saw the light from the observer’s 
small pocket torch as he took the meteorological readings. Nevertheless they 
overran the station and it was five days before they finally found it. 

The first journey was made in the typical misty weather of the ice cap. For 
two days the party was held up by bad weather, after which it was decided that 
the actual camping point might be somewhere near the centre of the ice cap. 
A pit was dug, in which the tent should be inserted, but at a depth of 6 feet 
the firn snow suddenly gave way to water. 

The West Ice is very different from previous accounts of it. It is not a true 
ice cap, but is a perfect example of Highland ice, at present degenerating 
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into what may later become a number of small separate domes. A main cast- 
to-west high ridge runs from above the eastern end of Wahlenberg Bay, to 
culminate in a dome, over 600 metres in height, east of Murchison Bay. 
From the centre of this ridge a second ridge runs northwards to the dome 
above Sabine Bay, thereby forming a T-shaped framework of high ground. 
On either side of the north-to-south ridge is a large depression; on the west 
the Lady Franklin Glacier drains north-westwards, and on the east is a 
second ice-covered valley draining towards Rijps Bay. There are also two 
separate domes reaching nearly as high as the highest point on the route. 
One of these, which was to be the site of the northern ice-cap station, was 
reached by the northern sledging party of Binney’s 1924 expedition, being 
named by them Mount Toil. Instead however of being inland from Extreme 
Bay, as they reported, it actually lies south of Lindhagen Bay. The second 
dome has its summit 5 miles inland from the head of Rijps Bay. 

During the summer water collects in the depressions by draining off the 
sides of the domes, causing the valleys to become morasses. The first camp 
was in one of these, although the water was rapidly draining towards the sea, 
leaving a surface area of dry snow. It was obviously impracticable, so a second 
site was chosen some 5 miles farther on. A second sample pit showed that 
the snow and firn were perfectly dry down to a depth of 8 or g feet, and this 
was finally chosen as the position for the central station. During the next 
few weeks, Moss, Dunlop Mackenzie, and Glen set up the station, and began 
the underground excavations. Croft and Godfrey continued the transport, 
and by the end of September the whole of the equipment and food supply 
had been sledged up from the glacier. Their attention was then turned to 
the northern station, this being completed in early October. The establish- 
ment of both ice-cap stations had thus been fully achieved. 

In a few days’ time the sun was due to disappear below the horizon for the 
next four months. Winter darkness was fast approaching, and the sledging 
programme for the year theoretically ought to have been completed. Never- 
theless, one further journey was still necessary. The comprehensive plan of 
survey for the spring and summer of 1936 was based on three food depots 
which should be laid at various strategic points on the coast. Cape Leigh 
Smith, Palander Bay, and the eastern end of Wahlenberg Bay were chosen 
for these. It was essential that at least one should be set out before the end of 
1935. lhe sledging distance to the Cape and back to Brandy Bay was about 
300 miles, and it was not until October 22 that Croft and Wright were 
eventually able to start. Blizzards much delayed progress, and the long land 
crossing of the Rijps Valley was a serious complication. Early in November 
however they were approaching the Cape, and in the darkness they blundered 
into a maze of crevasses lying to its south. To continue under such conditions 
would have been suicidal. Croft steered a masterly course back and they 
found their way down to a small bay at the eastern limit of the land on the 
north coast, divided from the actual cape by ice cliffs. Here the depot was 
safely established, but when they were on the point of returning to the ice 
cap, a bear suddenly appeared. Very inquisitive, he approached the sledge; 
the dogs became wildly excited, but Croft managed to get in front of them, 
whipping them back, and thereby preventing a general engagement. They 
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had decided not to take a rifle, but Wright armed himself with an ice-axe and 
stood up to the bear. Stalemate ensued, the bear leading with its paws, while 
Wright made passes with his ice-axe. A volley of shouts won the day and 
the bear departed hurriedly. 

They returned safely in mid-November with only two days’ food in hand, 
but such was the darkness that on their final 40-mile point across the West 
Ice they arrived at the northern, instead of the central, ice-cap station. ‘The 
journey however had been thoroughly successful. The depot had been estab- 
lished and two new traverses had been made both across the East as well 
as the West Ice. Heights had been taken regularly with a battery of three 
aneroids. In the following year two different points in their course were to 
be fixed exactly, thereby correcting to some extent the roughness of the 
traverse. 


SCIENTIFIC RESEARCH AT THE BASE 


On completion of the base hut, and of a second smaller hut some 80 yards 
away, Whatman and Hamilton set up their wireless and scientific equipment. 
‘Towards the end of August the rest of the expedition had left the base, and 
they were to remain there alone, except for a few isolated visits, until Christmas. 

Apart from scientific work it was hoped that wireless communications 
could be carried on daily with the ice-cap stations, three times daily for 
meteorological purposes with the Norwegian station on Bear Island, and 
three times a month both with the Post Office station at Portishead in Somerset, 
and with an amateur station, owned by Mr. Douglas Johnson, in London. 
This programme was carried out with full success and reflected the greatest 
credit on the equipment used in conditions of severe cold. Equal credit 
however must go to the Norwegian operators on Bear Island, to the Post 
Office officials, and to Mr. Johnson himself, to all of whom we would like to 
express our gratitude. 

The apparatus included an Eddystone All World Four Receiver, run off 
dry batteries, and a Gambrell self-excited continuous wave/phone trans- 
mitter, supplied with power from a pedal-driven generator, kindly loaned by 
Mortley, Sprague & Co., Ltd. This generator was similar to the one in use 
ut the ice-cap station, which however was loaned by Haslam and Newton, Ltd. 

This machine supplied both low and high tension, and although it was 
used every day for ten months, the only fault that occurred was a bad con- 
nection in the flexible cable that connected it to the set. The effort required 
to generate 18 watts at 6 volts, plus 15 watts at 500 volts, is equivalent to 
pedalling an ordinary bicycle along the level at a moderate speed. The 
25 watts high tension required for telephony means pedalling as if going 
up hill. 

The pedal-driven generator is unrivalled for transmitter power supplies 
at inaccessible places. Dry batteries are both heavy and costly, and will not 
work in temperatures below —25° F. A rotary transformer might be used, 
but a windmill generator or small internal combustion engine would be 
required for charging the accumulator. The pedal-driven generator weighs 
only 50 lbs., and is ready for instant use, requiring nothing but a small 
expenditure of energy by the operator. 
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The communications with the ice-cap station were carried out on a fre- 
quency of 2:0 megacycles per second. The ground wave predominated over 
the sky wave, and no difficulty was experienced in establishing contact at 
any time of day throughout the year. The meteorological records were also 
successfully sent to Bear Island three times a day from September until 
April, using either 2:0 or 3-0 mc/s, and although the Norwegian station was 
300 miles from the site of the base, there were few occasions when signals 
were unreadable. For direct communications with England however some- 
thing more powerful was required, this being supplied by a 1 kW. sender 
kindly lent by the War Office, the power for which was generated by an 
Austin-7 engine. Press despatches were sent back at intervals to The Times, 
and telegrams could be exchanged with England regularly and rapidly. So 
good were communications in fact that a telegram sent off from London at 
two o'clock in the afternoon could be received at the base at 5.30 p.m., re- 
transmitted, and received at the ice-cap station at 5.45 p.m. 

The most important part of the scientific programme was the research on 
the ionosphere, the region in the upper atmosphere where free electrons 
reflect wireless waves. Thus by successive reflections there and at the earth’s 
surface, radio signals can travel round the world and not be lost in space as 
would be the case if the ionosphere did not exist. The transmitter was 
specially built for the expedition and was housed in a small hut—the ionosphere 
hut—8o yards from the base hut. The receiver, part of which was kindly lent 
by the Radio Research Station, Slough, was kept in the living-room of the 
base hut. 

The transmitter sends out small pulses of electro-magnetic energy, each 
lasting 200 millionths of a second at a rate of 50 pulses a second. ‘These pulses 
are radiated in all directions; some reach the receiver by travelling direct along 
the ground, others by travelling high up into the atmosphere, where they 
are reflected downwards by one or more of the conducting layers. The output 
of the receiver is connected to one plate of a cathode ray oscillograph. This 
is an instrument in which a fast beam of electrons passes between deflecting 
plates and impinges on a screen, where it produces a spot of light. Each time 
a pulse is sent out from the transmitter, the spot of light is made to move 
horizontally across the screen; the direct pulse when received causes the spot 
to be moved vertically for an instant, and when a little later the reflected pulse 
is received again, the spot is again moved vertically. As this happens fifty 
times a second, the effect on the screen is a luminous line with two sharp 
peaks. The distance between them is a measure of the difference of the time 
taken by the direct and the reflected pulse respectively to reach the receiver, 
and thus the height of the layer is calculated. 

Two operators are needed for each run: one sits in the transmitting hut 
and the other operates the receiver. The transmitter is set on a given fre- 
quency and its operator rings the telephone bell. The receiver operator turns 
the receiver until the echoes appear, and photographs the screen of the 
oscillograph on a strip of bromide paper on a drum. As soon as he has finished 
with that frequency, the whole process is repeated, the frequency being varied 
in steps of o-1 megacycles per second from 1-5 mce/s until it is so high that 
no echoes are obtained, and the pulses go out into space without reflection. 
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A run such as this was taken every day at local noon; every fortnight on 
International Days runs were taken every two hours for twenty-four hours. 
Special runs were made during the solar eclipse, and when aurorae were 
directly overhead. In addition, continuous runs were made for twenty-four 
hours, the transmitter being set on a fixed frequency. A clock drove the camera 
drum, the echo pattern being photographed continuously, thus showing how 
the heights of the reflecting layers vary with time. The whole programme of 
research was successfully carried out without any interruption from Sep- 
tember 1935 until August 1936. It will be a long time before the results are 
fully worked out, but preliminary inspection has shown that they are both 
important and unexpected, and plans are being made for another expedition 
to continue this same research. 

These observations naturally required a very steady source of voltage and 
aconstant frequency. Power for both the transmitting and receiving apparatus 
was supplied by a 2 B.H.P. Petter petrol engine, driving a 230-volt, 50-cycles 
alternator. The engine was fitted with a heavy flywheel, which reduced the 
cyclic variation to 1/250, and was also governed so as to keep the speed con- 
stant. Comparison of the records obtained with those at the Radio Research 
Station at Slough showed that the engine when properly adjusted gave a 
supply superior in these respects to that of the electric mains at Slough. The 
Petter could be started from cold without any difficulty at temperatures 
down to 5° F., provided that the oil was drained out of the sump after use 
and heated up before being replaced for another period of work. When, in 
mid-January, temperatures seldom rose above zero F., it became evident 
that it would soon be impossible to start it at all, and it was decided to try 
to keep it running continuously till the weather became warmer, only closing 
down for periods of about a quarter of an hour, when messages were sent to 
the ice-cap station or Bear Island, or for rather longer periods when the 
Austin was in use for communication with England. The latter could not have 
been started but for the heat given out by the Petter. Thus it ran for three 
months, from mid-January to mid-April, virtually without a stop. This was 
undoubtedly a severe test for a small petrol engine, but the only trouble 
experienced was in the ignition system, and the contact gap had to be adjusted 
every few days. The plug was running at an unusually low temperature, and 
had to be cleaned very frequently. None of these minor troubles would have 
happened if the engine room had had proper heat insulation. It was some- 
what improved by covering the corrugated iron roof with sacking, and by 
empty petrol drums, but even so, when we experienced winds of 30 m.p.h. 
together with temperatures of —20° F., the engine room temperature would 
fall below zero within 20 minutes of the stopping of the Petter, and even 
with it running the temperature would not rise above 20° F. 

The object of the auroral observations was the determination of the direc- 
tion of the arcs; the arcs tend to form in a certain direction characteristic of 
the place on the earth. T'wo cameras separated by a base of some 20 miles, 
and taking simultaneous parallactic photographs, are really necessary to deter- 
mine the direction and height of the auroral arc, but quite a good determina- 
tion of the direction of the arcs can be obtained by taking single photographs 
with one camera. At the Auroral Observatory, Tromsé, the photographs 
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were projected by means of a lantern on to a white sheet of paper, the contours 
of the aurorae were drawn up, and the stars marked off. Three stars on the 
drawing are needed and their height and azimuth are computed. The heights 
and azimuths of a number of points selected along the lower border of the 
arcs are now determined by means of graphs, or “‘nets’’; the white sheet of 
paper is laid on a suitable net so that the heights and azimuths of the selected 
stars fit in with the curves on the net, and the heights and azimuths of a 
number of points selected along the auroral border are read off directly. 
Assuming the height of the lower border to be 100 km. the position and 
direction of the arc can be computed. The directions of sixteen arcs were thus 
determined. In addition, observations of the aurorae were made hourly, as 
the presence of aurorae affect the ionosphere results very considerably. 

The photographs were finally reduced and the average of fourteen measure- 
ments was 73° E. of N. for the region 80° N. to 76° N., 15° E. to 40° E. The 
individual determinations were 84°, 78°, 65°, 68°, g1°, 65°, 66°, 70°, 73°, 67°, 
70°,95°, 85°, 48° E. of N. 

It was planned to measure the amount of ozone in the upper atmosphere 
throughout the year, using the Dobson spectrograph on the sun during the 
summer, and another spectrograph on the Pole Star during the winter. Unfor- 
tunately, the sun-spectrograph was broken during the first month of the 
expedition, and could not be repaired. The Pole Star spectrograph, usually 
referred to as “Polaris,” can be used only when the moon is between its last 
and first quarter, and when the weather is good. Altogether only eighty 
photographs could be taken, but these will be sufficient to determine the total 
amount of ozone and its variation throughout the winter. The plates must 
be measured carefully on a photometer, which will take a long time. Owing 
to the fogging of the plates by auroral light, it may be necessary to set up the 
spectrograph in Oxford and by artificially fogging the plates determine what 
correction must be applied to compensate for the auroral fogging. 

The spectrograph consists of a quartz prism, a quartz lens forming a 
narrow spectrum of the Pole Star 0-15 mm. wide and about 4 cm. long on an 
isochromatic plate. The ozone in the upper atmosphere partially absorbs 
ultra-violet light from the Pole Star and by measuring, on the plate, the ratio 
of the intensity of the ultra-violet in the band to the intensity just outside 
the band the thickness of the ozone layer can be determined. The instrument 
rests at a point A on a small steel ball on an iron stand, allowing rotation 
in all directions. At another point B it is suspended by a string passing over 
a pulley in the roof with a weight at the other end, and another point C rests 
ona knob C ona dial which is driven by a clock so that the direction AC points 
in the direction of the Pole Star. It is not a simple instrument to use; a con- 
crete base must be used for the stand, the focusing must be such that the 
width of the spectrum does not vary appreciably from 0-15 mm., and the clock, 
working at a temperature of perhaps —30° F., must drive the spectrograph 
very accurately. 

Research on atmospheric electricity had been planned, the special investiga- 
tion being the connection between the aurora and the atmospheric electric 
gradient at the earth’s surface; observers have obtained discordant results 
on this point. For this a Benndorf self-registering electrometer was kindly 
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lent by the Meteorological Office, who also lent apparatus for the stretched 
wire experiment when the electric gradient is measured absolutely. The 
latter experiment however was never carried out, for one of the pairs of fibres 
of the Wulff electrometer was broken by being raised to too high a potential 
during a drift snowstorm, and the spare pair did not survive the journey to 
North East Land. The capriciousness of the Benndorf is well known, and 
for weeks on end it went wrong every day, each time due to a different cause, 
until it was finally mastered. Soon after that however drift storms began, 
and the instrument was continually being snowed over, as no more suitable 
place than the rather porous porch of the base hut could be found for it. It 
proved quite impossible to keep it free of snow for a sufficient length of time 
for its record to be of any value, and the investigation was abandoned. 

This proved to be small loss to the expedition: a simple magnetometer had 
been taken, and the direction of the earth’s magnetic field could be read, so 
that we knew when a magnetic storm was in progress. This instrument how- 
ever was now taken to bits and with it and the Benndorf an excellent magneto- 
graph was constructed. During the winter this functioned very well in the 
bedroom, where each minute the relays with a loud crash annoyed the would- 
be sleepers, but at the same time recorded on a moving piece of paper the 
direction of the earth’s field. In the summer when the Polaris spectrograph 
was taken down, the magnetograph was set up in the ionosphere hut where it 
functioned excellently, and its traces, showing the magnetic variations duc 
to electric currents in the upper atmosphere, are proving invaluable when 
examined in connection with the ionosphere results. 

In addition to the meteorological records taken at the two ice-cap stations, 
full records were kept at the base, being wirelessed back to the Norwegian 
Station on Bear Island half an hour after each reading three times a day. 
The tradition of exaggerated severity of conditions has proved to be false, 
for February was the only month in which the average temperature at sea- 
level was below zero F. The fierce gales were not as frequent as had been 
anticipated, but the wind average was comparatively high, which with drifting 
snow exaggerated conditions and considerably hindered travel. The cloudi- 
ness was very great, except in February and March, and from the middle of 
May till the end of June the sun was scarcely ever seen. Strong Féhn winds 
during the winter often brought warm weather; the bay ice which in December 
seemed firm and strong was blown out in a spell of warm weather in January, 
and in mid-February the temperature one day rose from o° F. to 32° F. the 
next, only to fall again to —2° F. on the third morning, causing trouble in 
starting the engine, which had been rested during the warm weather. For 
eight days only in June the temperature never rose above 32° F. When all 
the meteorological readings are examined together they should give informa- 
tion as to the conditions on and around a small ice cap. The details of the 
meteorological records at all three stations, as well as at the biological station 
in Murchison Bay, are given in Appendix I. 

Additional scientific work at the base included two months’ observations 
of the tides. A self-recording gauge was constructed mainly out of a thermo- 
graph, similar in principle to that illustrated by Shackleton in ‘Farthest 
South.’ Wright also had a comprehensive astronomical programme, the 
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The communications with the ice-cap station were carried out on a fre- 
quency of 2-0 megacycles per second. The ground wave predominated over 
the sky wave, and no difficulty was experienced in establishing contact at 
any time of day throughout the year. The meteorological records were also 
successfully sent to Bear Island three times a day from September until 
April, using either 2-0 or 3-0 mc/s, and although the Norwegian station was 
300 miles from the site of the base, there were few occasions when signals 
were unreadable. For direct communications with England however some- 
thing more powerful was required, this being supplied by a 1 kW. sender 
kindly lent by the War Office, the power for which was generated by an 
Austin-7 engine. Press despatches were sent back at intervals to The Times, 
and telegrams could be exchanged with England regularly and rapidly. So 
good were communications in fact that a telegram sent off from London at 
two o'clock in the afternoon could be received at the base at 5.30 p.m., re- 
transmitted, and received at the ice-cap station at 5.45 p.m. 

The most important part of the scientific programme was the research on 
the ionosphere, the region in the upper atmosphere where free electrons 
reflect wireless waves. Thus by successive reflections there and at the earth’s 
surface, radio signals can travel round the world and not be lost in space as 
would be the case if the ionosphere did not exist. The transmitter was 
specially built for the expedition and was housed in a small hut—the ionosphere 
hut—8o yards from the base hut. The receiver, part of which was kindly lent 
by the Radio Research Station, Slough, was kept in the living-room of the 
base hut. 

The transmitter sends out small pulses of electro-magnetic energy, each 
lasting 200 millionths of a second at a rate of 50 pulses a second. These pulses 
are radiated in all directions; some reach the receiver by travelling direct along 
the ground, others by travelling high up into the atmosphere, where they 
are reflected downwards by one or more of the conducting layers. The output 
of the receiver is connected to one plate of a cathode ray oscillograph. This 
is an instrument in which a fast beam of electrons passes between deflecting 
plates and impinges on a screen, where it produces a spot of light. Each time 
a pulse is sent out from the transmitter, the spot of light is made to move 
horizontally across the screen; the direct pulse when received causes the spot 
to be moved vertically for an instant, and when a little later the reflected pulse 
is received again, the spot is again moved vertically. As this happens fifty 
times a second, the effect on the screen is a luminous line with two sharp 
peaks. The distance between them is a measure of the difference of the time 
taken by the direct and the reflected pulse respectively to reach the receiver, 
and thus the height of the layer is calculated. 

Two operators are needed for each run: one sits in the transmitting hut 
and the other operates the receiver. The transmitter is set on a given fre- 
quency and its operator rings the telephone bell. The receiver operator turns 
the receiver until the echoes appear, and photographs the screen of the 
oscillograph on a strip of bromide paper on a drum. As soon as he has finished 
with that frequency, the whole process is repeated, the frequency being varied 
in steps of o-1 megacycles per second from 1-5 mc/s until it is so high that 
no echoes are obtained, and the pulses go out into space without reflection. 
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A run such as this was taken every day at local noon; every fortnight on 
International Days runs were taken every two hours for twenty-four hours. 
Special runs were made during the solar eclipse, and when aurorae were 
directly overhead. In addition, continuous runs were made for twenty-four 
hours, the transmitter being set on a fixed frequency. A clock drove the camera 
drum, the echo pattern being photographed continuously, thus showing how 
the heights of the reflecting layers vary with time. The whole programme of 
research was successfully carried out without any interruption from Sep- 
tember 1935 until August 1936. It will be a long time before the results are 
fully worked out, but preliminary inspection has shown that they are both 
important and unexpected, and plans are being made for another expedition 
to continue this same research. 

These observations naturally required a very steady source of voltage and 
a constant frequency. Power for both the transmitting and receiving apparatus 
was supplied by a 2 B.H.P. Petter petrol engine, driving a 230-volt, 50-cycles 
alternator. The engine was fitted with a heavy flywheel, which reduced the 
cyclic variation to 1/250, and was also governed so as to keep the speed con- 
stant. Comparison of the records obtained with those at the Radio Research 
Station at Slough showed that the engine when properly adjusted gave a 
supply superior in these respects to that of the electric mains at Slough. The 
Petter could be started from cold without any difficulty at temperatures 
down to 5° F., provided that the oil was drained out of the sump after use 
and heated up before being replaced for another period of work. When, in 
mid-January, temperatures seldom rose above zero F., it became evident 
that it would soon be impossible to start it at all, and it was decided to try 
to keep it running continuously till the weather became warmer, only closing 
down for periods of about a quarter of an hour, when messages were sent to 
the ice-cap station or Bear Island, or for rather longer periods when the 
Austin was in use for communication with England. The latter could not have 
been started but for the heat given out by the Petter. Thus it ran for three 
months, from mid-January to mid-April, virtually without a stop. This was 
undoubtedly a severe test for a small petrol engine, but the only trouble 
experienced was in the ignition system, and the contact gap had to be adjusted 
every few days. The plug was running at an unusually low temperature, and 
had to be cleaned very frequently. None of these minor troubles would have 
happened if the engine room had had proper heat insulation. It was some- 
what improved by covering the corrugated iron roof with sacking, and by 
empty petrol drums, but even so, when we experienced winds of 30 m.p.h. 
together with temperatures of —20° F., the engine room temperature would 
fall below zero within 20 minutes of the stopping of the Petter, and even 
with it running the temperature would not rise above 20° F. 

The object of the auroral observations was the determination of the direc- 
tion of the arcs; the arcs tend to form in a certain direction characteristic of 
the place on the earth. Two cameras separated by a base of some 20 miles, 
and taking simultaneous parallactic photographs, are really necessary to deter- 
mine the direction and height of the auroral arc, but quite a good determina- 
tion of the direction of the arcs can be obtained by taking single photographs 
with one camera. At the Auroral Observatory, Tromsé, the photographs 
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were projected by means of a lantern on to a white sheet of paper, the contours 
of the aurorae were drawn up, and the stars marked off. Three stars on the 
drawing are needed and their height and azimuth are computed. The heights 
and azimuths of a number of points selected along the lower border of the 
arcs are now determined by means of graphs, or “‘nets’’; the white sheet of 
paper is laid on a suitable net so that the heights and azimuths of the selected 
stars fit in with the curves on the net, and the heights and azimuths of a 
number of points selected along the auroral border are read off directly. 
Assuming the height of the lower border to be 100 km. the position and 
direction of the arc can be computed. The directions of sixteen arcs were thus 
determined. In addition, observations of the aurorae were made hourly, as 
the presence of aurorae affect the ionosphere results very considerably. 

The photographs were finally reduced and the average of fourteen measure- 
ments was 73° E. of N. for the region 80° N. to 76° N., 15° E. to 40° E. The 
individual determinations were 84°, 78°, 65°, 68°, g1°, 65°, 66°, 70°, 73°, 67°, 
70°, 95°, 85°, 48° E. of N. 

It was planned to measure the amount of ozone in the upper atmosphere 
throughout the year, using the Dobson spectrograph on the sun during the 
summer, and another spectrograph on the Pole Star during the winter. Unfor- 
tunately, the sun-spectrograph was broken during the first month of the 
expedition, and could not be repaired. The Pole Star spectrograph, usually 
referred to as “Polaris,” can be used only when the moon is between its last 
and first quarter, and when the weather is good. Altogether only eighty 
photographs could be taken, but these will be sufficient to determine the total 
amount of ozone and its variation throughout the winter. The plates must 
be measured carefully on a photometer, which will take a long time. Owing 
to the fogging of the plates by auroral light, it may be necessary to set up the 
spectrograph in Oxford and by artificially fogging the plates determine what 
correction must be applied to compensate for the auroral fogging. 

The spectrograph consists of a quartz prism, a quartz lens forming a 
narrow spectrum of the Pole Star 0-15 mm. wide and about 4 cm. long on an 
isochromatic plate. The ozone in the upper atmosphere partially absorbs 
ultra-violet light from the Pole Star and by measuring, on the plate, the ratio 
of the intensity of the ultra-violet in the band to the intensity just outside 
the band the thickness of the ozone layer can be determined. The instrument 
rests at a point A on a small steel ball on an iron stand, allowing rotation 
in all directions. At another point B it is suspended by a string passing over 
a pulley in the roof with a weight at the other end, and another point C rests 
ona knob C ona dial which is driven by a clock so that the direction AC points 
in the direction of the Pole Star. It is not a simple instrument to use; a con- 
crete base must be used for the stand, the focusing must be such that the 
width of the spectrum does not vary appreciably from 0-15 mm., and the clock, 
working at a temperature of perhaps —30° F., must drive the spectrograph 
very accurately. 

Research on atmospheric electricity had been planned, the special investiga- 
tion being the connection between the aurora and the atmospheric electric 
gradient at the earth’s surface; observers have obtained discordant results 
on this point. For this a Benndorf self-registering electrometer was kindly 
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lent by the Meteorological Office, who also lent apparatus for the stretched 
wire experiment when the electric gradient is measured absolutely. ‘The 
latter experiment however was never carried out, for one of the pairs of fibres 
of the Wulff electrometer was broken by being raised to too high a potential 
during a drift snowstorm, and the spare pair did not survive the journey to 
North East Land. The capriciousness of the Benndorf is well known, and 
for weeks on end it went wrong every day, each time due to a different cause, 
until it was finally mastered. Soon after that however drift storms began, 
and the instrument was continually being snowed over, as no more suitable 
place than the rather porous porch of the base hut could be found for it. It 
proved quite impossible to keep it free of snow for a sufficient length of time 
for its record to be of any value, and the investigation was abandoned. 

This proved to be small loss to the expedition: a simple magnetometer had 
been taken, and the direction of the earth’s magnetic field could be read, so 
that we knew when a magnetic storm was in progress. This instrument how- 
ever was now taken to bits and with it and the Benndorf an excellent magneto- 
graph was constructed. During the winter this functioned very well in the 
bedroom, where each minute the relays with a loud crash annoyed the would- 
be sleepers, but at the same time recorded on a moving piece of paper the 
direction of the earth’s field. In the summer when the Polaris spectrograph 
was taken down, the magnetograph was set up in the ionosphere hut where it 
functioned excellently, and its traces, showing the magnetic variations duc 
to electric currents in the upper atmosphere, are proving invaluable when 
examined in connection with the ionosphere results. 

In addition to the meteorological records taken at the two ice-cap stations, 
full records were kept at the base, being wirelessed back to the Norwegian 
Station on Bear Island half an hour after each reading three times a day. 
The tradition of exaggerated severity of conditions has proved to be false, 
for February was the only month in which the average temperature at sea- 
level was below zero F. The fierce gales were not as frequent as had been 
anticipated, but the wind average was comparatively high, which with drifting 
snow exaggerated conditions and considerably hindered travel. The cloudi- 
ness was very great, except in February and March, and from the middle of 
May till the end of June the sun was scarcely ever seen. Strong Féhn winds 
during the winter often brought warm weather; the bay ice which in December 
seemed firm and strong was blown out in a spell of warm weather in January, 
and in mid-February the temperature one day rose from o° F. to 32° F. the 
next, only to fall again to —2° F. on the third morning, causing trouble in 
starting the engine, which had been rested during the warm weather. For 
eight days only in June the temperature never rose above 32° F. When all 
the meteorological readings are examined together they should give informa- 
tion as to the conditions on and around a small ice cap. The details of the 
meteorological records at all three stations, as well as at the biological station 
in Murchison Bay, are given in Appendix I. 

Additional scientific work at the base included two months’ observations 
of the tides. A self-recording gauge was constructed mainly out of a thermo- 
graph, similar in principle to that illustrated by Shackleton in ‘Farthest 
South.’ Wright also had a comprehensive astronomical programme, the 
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main intention of which was to fix North East Land accurately in longitude, 
thereby at the same time determining in longitude the results of the Arc of 
Meridian Expedition of r899-1902. For this object he constructed an obser- 
vatory out of old packing cases. Despite its appearance however it possessed 
a sliding roof, electric light, and even a telephone. 

At Christmas Croft, Keith, and Wright returned from the advance base 
to the base. From then until April there were always more than two people 
at the base, but the beginning of the spring journeys and the establishment 
of the biological station in Murchison Bay left Hamilton and Whatman by 
themselves once more. Throughout the whole time Whatman had been 
permanently in charge, no matter whether Croft or Glen were present, an 
arrangement which, worked perfectly. He was also in charge of stores and 
equipment at the base itself, thus enabling the consumption of these con- 
tinually to be recorded, so that an adequate balance could be maintained. The 
greater part of the stores were in the hut itself, but an emergency depot was 
formed some distance away, in case it should it be necessary to spend a second 
winter, and also beyond possible damage if the hut caught fire, as was by 
no means unlikely in the case of a wooden house with two petrol engines 
adjoining. 

Considerable reliance had been placed on fresh meat as a source of food 
supply for the dogs. This was due entirely to financial considerations. Hunting 
during the first summer however had been impossible except on a few 
isolated occasions because other work on hand, and gales during the autumn, 
further complicated the situation. It was not until late in the spring that the 
seals began to lie out on the ice, and even at the beginning of April they were 
still so shy as to make stalking extremely difficult. With the return of warm 
weather conditions became much simpler. When stalking, white screens 
were used, but it was generally found simpler and better to use Stefannson’s 
method of feigning to be a seal oneself. +303 magazine rifles, of the ordinary 
Service type, were mainly used, and were found excellent. A high-velocity 
rifle is essential, and it would be difficult to suggest anything more suited 
than a -303 for general use, although a light automatic -22 is very useful for 
seal hunting. 

THE ICE-CAP STATIONS 
(1) The central station 

Comfort was essential for the success of the ice-cap stations. It was only 
to be obtained by living in the ice instead of on it, cutting out the station below 
the surface, so that its interior would be uninfluenced by blizzards or low 
temperatures without. First of all a circular hole 4 feet deep and 15 feet in 
diameter was dug. Into it the tent was inserted so that only its roof pro- 
truded above the surface. The tent was of exactly the same pattern as that 
used by the British Arctic Air Route Expedition, but slightly larger. In 
addition to being the home of two men for ten months, it had also to contain 
a wireless transmitter and receiver, and other electrical apparatus. In appear- 
ance it resembled a giant umbrella, the outer canvas being stretched over the 
framework of eight curved wooden ribs; from these the inner canvas was 
hung by tapes, thus enclosing a 3-inch air space which acted as a very efficient 
heat insulator. 
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The floor was of a double thickness of wooden planking. The joists were 
between the two layers, so that the smooth surface of the lower planking was 
resting on the ice below. In the middle was a trapdoor leading to a tunnel 
underneath. Excavations were begun immediately after the tent had been 
set up. The intention was to drive a tunnel from underneath the tent to a 
point about 30 feet away, where a vertical shaft would be constructed to the 
surface. The reason for this was that the entrance should be situated out of 
reach of the influence of the tent roof in promoting drifting. 

The controlling factor in the excavations was the question whether firn or 
ice would be met. Snow undergoes a crystalline change into what is known 
as firn, under arctic conditions, taking about a year. Firn consists of a con- 
glomeration of small ice grains, each separated from the other by thin air 
layers. In lamplight it appears white and opaque, contrasting vividly with 
the clear blue of pure ice. With age and the continuation of sublimation, as 
well as owing to the influence of increasing pressure, the larger grains tend to 
grow at the expense of the smaller, and eventually the firn will change into 
glacier ice. This process can be much accelerated by the influence of thaw 
water, and at points below the firn line the surface is formed of pure glacier 
ice. Above the firn line the seasonal thaw water can form discontinuous 
bands of ice which occur intermittently and horizontally throughout the firn. 
Their arrangement can be extremely complex, and they may vary in width 
from ', inch to more than 4 feet. 

Fortunately it was firn which was mainly met, easy to chip and very different 
from the ice which has to be cut laboriously flake by flake. The tunnel was 
5 feet in height and 3 feet in breadth. On an average day’s work progress of 
6 or 7 feet could be made, the amounts varying, of course, according to the 
predominance of firn or horizontal ice bands. Small chisels were the best 
for cutting, for pick-axes were too unwieldy, and spades though excellent in 
firn were useless against ice. Special saws had also been taken, but these were 
rarely used, the chisels meeting every requirement. 

In a week’s work the main tunnel was completed. The top of the shaft 
was closed by an old waterproof ground sheet, supported by poles. In two 
or three hours’ time a blizzard could fill the shaft with powdery snow. The 
edges of the sheet could not be brought down close enough to make it 
snowproof, and a new system was later devised. A trapdoor opening upwards 
and about 18 inches square was fitted into the top of a wooden tower, built 
of empty packing cases. This stood 3 feet above the snow, but as the surface 
was continually rising, it had to be dug out every few weeks, and raised a 
corresponding amount. Even in an unexpectedly fierce blizzard, if the snow- 
level swamped the trapdoor, there was little danger of being imprisoned. 
In the centre of the door was a small panel removable from below, leaving an 
opening large enough for a hand to be passed through it. In this way snow 
overhead could be scraped or cut away. 

In the walls of the tunnel caverns were excavated, including a paraffin 
store and a larder which possessed all the advantages of the most modern 
refrigerator. A side passage 50 feet long led to a safety cavern for use in case 
any disaster destroyed the tent. It served however as a low-temperature 
laboratory for glaciological experiments. In the following year, during the 
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evacuation of the station, three men were weatherbound and lived in this 
cavern for four days without any worse discomfort than being unable to stand 
upright. The tunnel continued to an emergency shaft which could have been 
used as an additional entrance, and finally to a second shaft, which was 
eventually dug to a depth of 40 feet in the ice. Narrow horizontal holes were 
bored in its walls to take the slow-acting thermometers, which afforded a 
simpler method of taking ice temperatures daily than the thermocouple 
system. The latter was only used occasionally in order to give a check of the 
temperature distribution undisturbed by the warmth of the tent or proximity 
of the passage. The shaft was also used to investigate the properties of firn 
and ice at as great a depth below the surface as possible. It was found that 
firn finally turned into ice at a depth of 30 feet below the surface, the station 
being approximately 1700 feet above sea-level. 

In the beginning of November the rising snow-level finally swamped the 
roof of the tent. The ventilating cowl was buried, but after one unpleasant 
experience of the effects of carbon monoxide poisoning, a new ventilator was 
contrived, by soldering together a number of bottomless Quaker Oats tins. 
This proved admirable despite the fact that the depth of snow above the tent 
roof was such by the following March that the ventilator eventually reached 
a length of 6 feet. 

The tent fabric bore this additional snow cover without any signs of distress, 
but the tubular brass joints in the middle of the poles were inadequate. In 
consequence, the roof lost its domed shape, sinking to such an extent that in 
four months its height decreased from 8 feet to 5 feet. In order to prevent 
complete collapse, a central support was improvised from floor boards put 
together in the shape of a T-girder. The edge of this super-incumbent snow 
also grew increasingly thinner, due to its being melted by the warm air, which, 
unable to escape near the ventilator, thawed its way vertically upwards. The 
supporting ring was finally reduced to a thickness of about 6 inches. This 
caused no actual difficulty, although little confidence was inspired by the 
thought that between six and seven tons of snow were precariously suspended 
above. 

The fact that everything was entirely below the surface, and the particular 
design of the tent, including as one of its most important features the wooden 
floor, secured permanent comfort and warmth inside the station. Inside the 
tent the temperature never once fell below 37° F., and there was sometimes 
a difference of well over 100° between that of the interior and of outside. It 
was often necessary to extinguish the Primus stove; and of the 200 gallons 
of paraffin allowed for the ten months, only 150 were used. A considerable 
amount of melting naturally occurred, but the water soaked into the porous 
firn below. The only difficulty in this respect occurred in those places in 
which the canvas sagged so deeply as to enable ponds to collect above. Under- 
neath them small tins were therefore suspended by safety-pins, serving well 
enough to catch the drops. The wooden floor gave an excellent support for 
the delicate mirror galvanometer, used for the electrical measurement of 
temperatures at different depths in the ice. It also made a great difference to 
the comfort of the station, clearly shown when it was first completed, by the 
delight of being able to walk about on dry wood instead of in dirty slush. 
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Moss remained at the station continuously from September until June of 
the following year. During September Glen was with him, being relieved in 
early October by Keith, who remained until the first week in December. 
Godfrey took his place until early February, when Moss was left alone, during 
the depot-laying journey to Palander Bay. In March Croft stayed with him 
for three weeks, but from the end of the month until the beginning of June 
he was once again alone. 

The greater part of the excavations were completed by December. Alto- 
gether over 110 feet of tunnel had been cut and 40 tons of ice removed. In the 
course of digging a shaft, a cavity in the ice was discovered at a depth of 
about 30 feet. In spite of its apparent smallness, it accommodated all the 
debris from the subsequent six weeks of tunnelling. This suggested that it 
was much larger than had been suspected, and when Glen and Whatman 
visited the station during March the opportunity was taken to enlarge the 
opening and explore its interior. Below was a series of chambers, separated 
from one another by curtains of icicles, bewildering in their beauty and 
variety of form. There seemed to be three horizontal levels, one above 
the other. The uppermost, which was first entered, was little more than 
2 feet wide. Separated from it by a 2-foot layer of ice was a second, 2 feet 
across at the top, and widening to 4 feet below. The floor was made up 
of ice blocks which must have become wedged many years ago, with here 
and there small cracks, one of which gave access to a cavern below. This 
extended horizontally to an indefinite distance, and reached a width of 10 
or 12 feet. The whole system seemed to be a crevasse widening with depth 
and bridged internally by ice blocks. It is difficult however to understand 
why the bridges should continue at the same levels for such great horizontal 
distances. 

At the bottom of the cavern, 70 feet below the surface, was a lake of still 
water, which remained unfrozen except during May, when half an inch of ice 
formed on its surface. Presumably the water finds its way down during the 
thaw period, which lasts for only six or eight weeks during summer, remaining 
in the liquid state during the rest of the year. The air in the crevasse must 
then tend to remain at o° C. and the temperature of the neighbouring points 
in the firn will be influenced by this, as well as by the seasonal variations at 
the surface. 

To find the rate of compression or contraction of the firn, meters similar to 
those used at Eismitte were placed in the walls of the shaft. One of these was 
modified in order to measure the speed at which the crevasse was opening. 
‘This was found to be 0-008 cm. per day, giving the age of the crevasse at water- 
level to be about fifty years, on the assumption that it has always been opening 
at its present rate. 

All that could be seen on the surface were the meteorological instruments 
and the wireless masts. The instruments consisted of a cup anemometer, 
wind vane, Mougin snow gauge, stakes for the measurement of snow-level, 
a Stevenson screen, and a copper sphere to act as a frost recorder. The latter 
however was not entirely satisfactory, as, apart from glazed frost, the deposits 
did not always adhere to it; the aerial wire was perhaps a more efficient 
collector, as much as a hundredweight of hoar being not an unusual estimate 
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for twelve hours’ deposition. This of course needed vigilant attention, as it 
had to be removed in case the wire broke with the strain. 

The Stevenson screen was of the ordinary type, and gave considerable 
trouble, especially during the long periods in late spring when the tempera- 
tures were near freezing point. The louvres allowed the snow to collect 
inside whenever drifting occurred, which over the winter was almost con- 
tinuously. In cold weather it could be cleared out easily enough, but under 
warm conditions it was inclined to form a solid block of ice. The fine drift- 
snow also found its way into the moving parts of self-registering instruments, 
thermograph as well as hydrograph, causing gaps in the records. This how- 
ever could be overcome by a thin gauze screen across the open parts of the 
instruments, which introduced only the smallest lag. No difficulty at all was 
experienced in keeping the clocks running under cold conditions, the oil 
having been removed from them and replaced by powdered graphite once the 
temperatures had fallen below zero. 

The lowest recorded temperature was —39° F. both on February 15 and 
on March 29. Between the two it rose as high as 24° F. on March 21. Wide 
fluctuations of this kind were very common. The latest thaw in 1935 occurred 
during the night of October 25-26, and the earliest of 1936 on May 4. From 
that day until the station was evacuated in the beginning of June, the tem- 
perature was always below freezing-point for at least the greater part of each 
day, but the lowest recorded was only —2° F. in a storm. The maximum 
temperature was 36° F. on May 14. 

Monthly wind averages varied from 15 m.p.h. in February to 20 m.p.h. in 
October. Abnormally high velocities were rarely reached, but equally unusual 
were periods of calm. Drifting snow was almost continuous, and the prevalent 
mist combined to cause extremely bad visibility. 

The station was finally evacuated on June 14. The technique of living had 
been thoroughly successful. Food was extremely varied, and menus reminis- 
cent of normal life in England. Wireless communications were carried on 
with the base at 5.45 p.m. each day. The station was equipped with a 40-watt 
Gambrell transmitter, and an Eddystone All World Four Receiver. Through- 
out the winter reception from English, European, and American stations was 
excellent. With the return of light in the following summer, conditions 
deteriorated, until only the short-wave programmes were reliable. 

In ten months’ work the whole programme of the station was accomplished. 
Continuous meteorological records had been kept, and considerable research 
carried out on the various glaciological problems. The change of snow, 
through firn into ice, had been examined in detail down to a depth of 40 feet, 
and continuous records of the temperature of the ice at different depths had 
been obtained. On the surface, the ratio between accumulation and ablation 
had been measured, and the relative values of the separate factors in each 
assessed. 


(2) The northern station 


This was set up after completion of the central station, being occupied by 
Dunlop Mackenzie and Glen from October until the end of February. Its 
design was similar to that of the central station, although the details were 
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Central ice-cap station, March 1936. Diagram of snow fallen during previous 
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simpler. ‘There was only one tunnel leading from underneath the tent to 
the entrance shaft, while a larder was constructed directly off the tent itself. 
The interior was similar with the same wooden floor and identical equipment, 
except for the absence of a wireless transmitter. This station was equally 
successful in design, apart from the important fact that the tunnels, instead 
of being cut out of firn, were cut from ice. The consequence of this was 
that melt water was unable to drain away, and therefore collected in pools 
in the floor of the tunnel. This had to be bailed out every day, sometimes as 
much as twelve buckets being removed. Nevertheless the interior was always 
warm and comfortable, and when baking was carried on the temperature could 
rise to 100° F. Fresh bread was cooked daily, as well as scones and cakes, in an 
oven made out of an old biscuit tin. 

The site of the station, on the summit of the high ice dome overlooking 
the north coast, had an unexpected advantage, for that part of the Polar Ocean, 
between Cape Platen and North Spitsbergen, was visible as far as 81° north. 
A record of the conditions of the sea ice could thus be kept throughout the 
winter, and by additional observations from the base, as well as in the course 
of journeys, the state of the ice over the whole year was finally recorded. It 
was extremely dependent upon the wind conditions, and it may be that the 
effect is similar to that which prevails in Robertson Bay in the Antarctic. 
In the event of the ice forming early, it is conceivable that winds may be less 
than when it forms late. Certainly during 1935-36 the ice was ever varying, 
and gales were almost continuous. As late as February there was open water 
up to, and probably past, 81° north, and it was not until the middle of that 
month that the pack-ice finally closed. Towards the end of March several 
large leads opened some miles to the north-west of the base, the ice closing 
again until fresh leads began to open between the Seven Islands and the main- 
land during the latter part of April. From then onwards there were always 
isolated leads until the final break-up of the ice at the end of July. The effect 
of the driving northwards and southwards of the pack during the autumn was 
to make it by the following spring a chaos of hummocks and pressure ridges 
across which travel was practically impossible. 

The scientific programme of the station was in many respects similar to 
the central station, although it was also complementary. Instead of con- 
centrating on conditions far below the surface, the newly fallen snow was 
studied, so that the process of change from snow to firn could be examined. 
The ratio between the accumulation and ablation showed that the ice balance 
in the north-western sector is probably showing a net loss, although the factors 
obtaining have not yet been fully worked out. Later observations at other 
points however support this contention. A remarkable difference in the 
elevation of the firn line was also found, for whereas the central station was 
100 metres lower than the northern yet the firn was 10 metres below the 
surface at the former, and only 2 metres at the latter. For four months con- 
tinuous meteorological records were kept at the same hours as at the base and 
at the central station. The only notable distinctions between the two ice-cap 
stations were the smaller wind velocities and very slightly higher temperatures 
recorded at the northern one. 
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(3) Results of glaciological research 


The data gathered at the two ice-cap stations, and in the course of the 
various journeys around and across North East Land, will later be published 
in different journals. On the basis of the original research carried out by 
Dr. K. S. Sandford in 1924, and by Professor H. W. Ahlmann in 1931, a 
considerable mass of information has been collected, of which only a brief 
summary can be given here. 

1. Continuous meteorological readings at 7, 12, and 17 hours G.M.'T. 
from mid-August 1935 until mid-August 1936, at the base in Brandy Bay. 
Similar readings at the same hours at the central ice-cap station from 
6 September 1935 until 14 June 1936, and at the northern station from 
1 November 1935 to 20 February 1936. These readings include dry and 
wet bulb temperatures; maximum and minimum temperatures during the 
preceding period; atmospheric pressure; wind velocity and direction; snow- 
fall; hoar-frost; cloud direction, form and amount; and weather conditions. 
In addition, continuous records were kept by self-registering instruments of 
the atmospheric pressure and of temperature conditions. 

2. Determination of the balance of the West Ice over the period 1935-36, 
and the measurement of the relative parts played by the different factors of 
accumulation and ablation. 

3. Examination of the change from snow into firn, and eventually into ice; 
measurement of the rate of change of the sublimation process, beginning with 
newly-fallen snow. Measurements of the density of snow and firn, from the 
surface to a depth of 10 metres below. Examination of the horizontal ice 
bands found in firn. 

4. Measurement of temperature conditions over the year at different 
depths from the surface to 22 metres below in the ice. Measurement of the 
rate of compression of firn at different depths below the surface. 

5. Measurements of the low altitude radiation of the sun. 

6. A record of sea-ice conditions over the years 1935-36. 

7. Measurements of the elevation of the firn line at different points around 
North East Land. 


APPENDIX I: METEOROLOGY 
BasE STATION: MONTHLY MEANS 


Sept. Oct. Nov. Dec. Fan. Feb. March 

(07 1015°4 10096 10140 1013°8 1020°9 1018-2 
Pressure< 12 1015°3 I010°l 1012°3 1014°6 1013°9 1021'2 1018°8 
(17 1015*3 10099 101274 1014°4 1013°8 10210 1018-7 


{ 07 28-0 23°2 16°3 10°3 21 —12°3 
Temp. < 12 27°49 = 23°0 16-1 10°3 —I10°4 


Max Day 30°6 25°6 18°3 13°9 5-0 
(Night 30°9 26°1 18-9 13°4 6°7 
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BasE STATION: MONTHLY MEANS—continued 


Sept. Oct. Nov. Dec. Jan. Feb. March 


Mi Day 26:0 256 19°6 7°4 —2°4 —I5'5 
24:8  25°5 20°2 —31 —I15°7 

(07 8-0 6°8 8-2 7°6 6:0 7:2 

Clouds < 12 8-8 6-9 75 75 6°5 6-6 3°5 
17 84 62 77 6-6 58 

Sunshine 

Total hours 50°0 Nil Nil Nil 2°0 166°0 

Rain 

Total mm. 5°7 21-7 19°3 11°8 10°9 3°8 

Wind 


Average m.p.h. 9°6 14°8 14°7 14'0 11°7 
Pressure in mb. and all temperatures in °F. 


Aug. Aug.(24- 
April May Fune July (1-12) 31, 1935) 
( 07 1014°6 10081 10146 1017°5 
Pressure .. 12 101476 1015°0 1oo8-1 1014°8 1018-1 
IOI5*I 1014°7 1008:0 1018-0 
f 07 328353372 39°7 
Temp. 12 5°3 280 37'S 
(17 39 28-2330 367 30°5 
Day 30°5 35°7 39°5 40°8 43°5 
Mi Day 25°6 34°2 
YNight 30°6 32°9 35°0 35°0 
(07 4°3 8-0 8-3 8°5 6°4 
Clouds .. < 12 4°4 8+5 8-0 71 6°7 
17 48 8-6 6-2 8-7 
Sunshine 
Total hours .. 282°0 12°97 113°0 273°0 42°0 24°0 
Rain 
Totalmm. .. 15°4 43°9 20°1 
Wind 
Average m.p.h. 12°3 12°3 8-5 


Pressure in mb, and all temperatures in °F. 
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CENTRAL IcE-cAP STATION: MONTHLY MEANS 


Oct. Nov. Dec. Fan. Feb. Mar. April May 


(07 184-143 5°8 — 93 —18:3 —2:8 208 
Temp. < 12 17°97 5°9 — 95 —178 —o8 
17 13°7 5°9 —10°2 —18°8 —2°5 21-7 
Day 10'4 54 — 14°3 2°83 25°5 
Max. 
Night 2174 9°5 35 — 2:5 —I4°! 24°1 


Mi Day 13°4 9°6 I 2 
Night 10°9 22 —32 —25°1 17°2 


NORTHERN IcE-cAP STATION: MONTHLY MEANS 


Nov. Dec. Jan. Feb. : 
> 
| ©7 12°9 5°3 
17 12°8 5°4 fore) — gt 
Day 16°6 8-9 3°4 — 
Max. . 16°6 3°0 
Day 8-7 —13°0 
Rain 
‘Total mm. 41°5 4°7 16:6 
Hoar 
‘Total gm. 2264°0 g07'0 224°0 149°0 


The remaining elements have not vet been fully worked out. 


RusstaN IsLAND, MturcHIsSON Bay: MonTHLY MEANS 


May 8-31 June July 

fo7 28:0 $3°9 39°8 
Temp. .. 

28-0 33°9 39°4 

oF 8-9 8-8 

ouc 17 8-6 8-5 5°6 


(To be continued) 


THE WILD WA STATES AND LAKE NAWNGKHIO 
V. C. PITCHFORD 


HE little-known Wa States lie to the east of the Northern Shan States in 

British Burma, with the great Salween forming the boundary between 
them and China. The drawing of the Sino-British boundary line, where it 
passes through the Wa States, was under discussion by Boundary Commis- 
sioners representing both interests, and our tour was the outcome of an 
agreement reached by the Commission for the survey by the Government of 
India of certain areas east of the line admitted by the Chinese Commissioners, 
in addition to the completion of the survey of certain areas west of it. The tour 
took us through the heart of the wild Wa country east of the line and to the 
totally unmapped area of the fairy lake Nawngkhio, an age-long riddle, of 
which old reports from hearsay evidence gave the following description: 

“The fairy lake lies on a cloud-capped mountain in the middle of a silent 
forest, where mortals dare not dwell. Its waters are so cold and deep, that no 
fish can live. At its four corners four cliffs rise sheer from the water into high 
rocky peaks. From its waters flow the rivers of the world. From its primaeval 
waters sprang the forbears of the Wa race and when they became men, they 
lived in the cavern of Pakkatei and there learnt the mystery of head hunting, 
whereby they waxed fruitful and multiplied exceedingly. Motpalu, with 
over 300 houses, on the western slope of the hill, guards the famous walnut 
forests to the south, never failing to punish poachers, and bartering the walnuts 
for rock salt to the Chinese.” 

Locally it is said that the Shan name for the lake is Namtongling and the 
Wa name Kaing Kret. Also that the first and early Wa spread to the lake area 
from the Pakkatei cave, and not from the lake to the cave. Other reports 
described the lake as the Wa holy of holies, stating that there were two lakes 
connected by a narrow neck of water, and that in the lake area were the Wa 
Pwi and the Wa Lon, the wildest and fiercest of all the Wa. Apart therefore 
from the importance of locating and placing the lake on the map, the visit 
to the lake area promised to be one of special interest. 

It should be mentioned that, with the exception of the lake area to the 
north-east, the rest of the wild Wa country east of the line admitted by the 
Chinese was visited by Sir (then Mr.) George Scott and a column of Burma 
Military Police in 1893, and those who have read his account of that journey ' 
will see here and there in this account a similarity between Hsanhtung and 
Hsungramang areas and the Wa and their country in general. Scott, and his 
officers and the column of 1893, travelled under conditions different from those 
prevailing forty-four years later. ‘They had no other columns nearer than 
Lashio, 100 miles approximately west of the Salween, and their only means 
of communication with the outside world was by heliograph, which weather 
conditions sometimes closed down for days. We had three other columns 
within a radius of 50 miles, and were equipped with wireless. Moreover Wa 
armament has advanced very little, if anything, since Scott’s time. 

Leaving Kanghso, which is some 20 miles east of the Salween river, on 


1G. E. Mitton (Lady Scott), ‘Scott of the Shan Hills,’ pp. 179-98. 
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11 January 1937, after a week of intense cold, we marched to Mongmau, which 
was reached on January 19, through friendly States already visited by the 
columns of the two previous years, and through Mankwei. An epidemic of 
smallpox in all the villages we passed through between Kanghso and Mongmau 
threatened to wreck the survey programme. Vaccination was carried out imme- 
diately, but the supply of lymph was not sufficient for the Chinese muleteers, 
of whom there were nearly a hundred. A single fatal case among them would 
have meant panic, and a column cannot march without its transport. Mongmau 
derives its importance from the fact that it is situated at the base of the hilly 
ridge of the famous Loimu hill which Wa belief holds to be ‘‘the ladder to the 
Wa States,” and whose special nat, Sau (lord) Loimu, is propitiated in almost 
every State. In the long distant past the area was all dense forest. The first 
settlers were Shantayoks from the east. They are a hard-working, peaceful 
people, whose love of agriculture and trade is only equalled by their tact and 
business capacity. They demonstrated their good qualities by entering into 
an agreement with seven of the nearest and most important States to feed and 
house the chiefs whenever they visited the sacred hill, and with the progress 
of time Mongmau has succeeded in constituting itself the guardian village 
to the hill. The early Shantayok settlers could not have been many, for there 
are only thirty Shantayok houses now. The area is not unpopular with them, 
and it is difficult to account for the lack of increase in their numbers, but 
following their good example, the Loila and Hkun Loi have filtered in and 
now form the largest part of the Mongmau population. The village is typically 
Shantayok. It is extremely dirty. It is characterized by outcrops of black 
rock, and a scarcity of bamboos and timber. The houses therefore are stone 
walled and are roofed with thatch. There is nothing tidy about the stone 
walling, which resembles cobble stones piled roughly one on the other. The 
village roads and drains are fashioned after the same manner; drains are 
bridged by slabs of stone of anything up to 8 feet long and 4 feet wide, and 
there is a built-up stone causeway of three quarters of a mile in length running 
north-west to connect up with the main trade route leading to the Salween 
river and thence by lorry to the Shan States. North of the village for an area 
of two miles by three quarters of a mile is valley land skilfully terraced for 
paddy cultivation. Everything points to long and sustained hard labour. 

We were all anxious to visit the sacred Loimu hill while we were halted at 
Mongmau, but as the survey programme did not require the visit we did not 
go. This simplified the survey programme here, as the summit and the ridge 
are covered with dense forest which may not be cleared because they form 
the abode of Sau Loimu, the spirit of the hill. The hill is of a holiness second 
only to lake Nawngkhio, and it would be easy for mischief makers to seize 
the opportunity to predict that we had displeased Loimu, and that famine 
or pestilence would follow. Our newness in the area, and the urgency for the 
complete success of the survey programme, made it imperative to avoid 
anything that might be viewed with suspicion and give rise to unsettling 
rumours, however senseless. Loimu is said long ago to have been visited 
by the Lord Buddha who left the imprints of his hands and feet on the rocks 
where he prayed. Later however a great storm arose, the hill was struck by 
lightning and the sacred rocks were shattered, and no trace remains now of 
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the sacred imprints. The hill is visited with ceremony in May every year by 
all good Buddhists in the Wa States. Offerings are made of flowers, and 
rice, and paddy; and also of gold and silver. The Buddhists include the 
Shantayoks of Mongmau, and also many of the Wa from the western and 
middle Wa States who call themselves Hkun Loi and Loila, but whose con- 
version to Buddhism in preference to head-taking animism goes back less 
than a score of years. The wild Wa east of the Namma and some of the non- 
Buddhist Hkun Loi of the middle areas visit Loimu to collect kundawk, an 
ingredient of the betel chew. Some of them also visit it after the yearly visit 
of their Buddhist brethren, and remove for their own consumption and 


96° 


The Shan States 


use the offerings left by them, so that only the very fervent Buddhists 
include offerings of gold and silver. 

The Wa are not a lazy people. Indeed for wild tribes they are amazingly 
industrious, but their good name has been spoilt by their reputation as head- 
hunters. It is a religious custom, to ensure good crops, and not a pastime, 
and will gradually die out. The Wa vary from area to area, but usually 
they are short and stocky. The real Wa are of a bluey-black colouring peculiar 
to themselves. ‘The men dress much the same as the Shans, but not with the 
same variety of colour, black being more popular, though the sombreness of 
attire may be relieved by a turban of red or any other colour. The women 
dress in turban, jacket, shirt, and cloth gaiters, in the colouring of their clans 
with sometimes a fair amount of roughly fashioned jewellery. In the more 
remote areas the men wear something approaching abbreviated bathing 
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drawers, and the women a sort of combination of smock and skirt which they 
fasten over their chests. Some areas cultivate the poppy, but few cultivate it 
extensively, and some not at all. A few cultivate tea, but the views of most of 
the areas in regard to this matter are governed by a spirit who objects to tea 
in any shape or form. Village sites are selected with an eye to the tactical 
position and inaccessibility, even at the expense of a distant water supply. 
This does not appear to worry them. A limited quantity of water meets their 
requirements. It is only used for drinking and cooking purposes, and villages 
are not liable to be besieged. Sudden raids for heads are more popular. 

Sometimes the villages are strongly stockaded and trenched round, and 
have a tunnel entrance above or below ground which may be 300 feet long. 
The houses are walled and floored with planks roughly hewn, or split bamboo, 
and are roofed with thatch, the eaves coming down on a level with the flooring, 
and are usually very close together. Inter-village communication, by air, is 
maintained by means of krawks, large tree trunks cut about 10 feet long, and 
hollowed out in several ways to give varying degrees of resonancy. They are 
kept in a special house in the village, and are made use of on every occasion 
of importance, and to “broadcast.” Messages are transmitted by “rolling” a 
tattoo on the krawks with a large-size rolling pin. We often heard our arrival 
and departure announced this way. There is also a system of signal shots for 
communicating news. Outside the krawk house the newly-taken heads are 
kept until ready for removal to the skull grove. They are inclosed in thatch 
at the top of a 20-foot bamboo. 

Sometimes, owing to the density of population or the industry of the 
people, or to a combination of both, the whole area has been brought under 
cultivation and is bare of forest. This makes it unsuited to the antiquated 
guns of the Wa, and positions for ambuscade are practically nil. The all- 
powerful Hsanhtung area is like this. Our experience of the Wa has been that 
much depends on the amount of explanation given for entry into their areas, 
and that unless panicked or agitated by propaganda, they are, as wild tribes 
go, a peace-loving people. 

The march from Mongmau to Toila from where we visited lake Nawngkhio 
was without incident. The wild Wa villages passed through en route all gave 
friendly receptions. A change in the survey programme, when we turned 
about from Kawnghsang and marched back 2 miles to proceed by another 
route, was seized by the anti-British faction of Kawnghsang to say that it 
had frightened us off, and that it would fire on the column on its departure. 
The leader of the faction and his lieutenants were however induced to visit 
our camp and listen to a little advice, and then to a broadcast from Hong 
Kong. A combination of the two convinced them that there was no necessity 
whatever to be unfriendly. 

When we arrived near Toila where the tracks forked north and east, one 
leading to the village and one to where our guides informed us we were to 
camp, we saw some forty or fifty excited but unarmed Toila Wa standing 
about at their end of the track leading to the village. Turning aside from the 
column with my two interpreters to get in touch with them, I was greeted 
with a volley of howls and entreaties to go the other way. We had hoped to 
find lake Nawngkhio from Toila with the assistance of its chief and officials, 
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but it looked as if our chances of success would be small. I told my interpreters 
to go forward. Their advance was frustrated by more howlings and entreaties 
to go back. I motioned the interpreters behind me and made to ride forward 
slowly. My horse advanced 3 paces; Toila Wa went back 30 paces with 
redoubled howlings. This brought them to the tunnel entrance to the village. 
Another advance on my part and they would probably be through the tunnel 
entrance and barricade it, and that would be the end to my hopes of getting 
in touch with them. The only thing possible was to stand still and hope that 
curiosity would get the better of their fear. It was clear that their attitude 
was not due to hostility. ‘The interpreters shouted back to them, told them 
we intended no harm, and besought them urgently to come forward and talk. 
This went on for about ten minutes, the column meantime filing past behind 
me towards camp. A few of the bolder spirits ventured a few paces forward, 
and after an interval were followed by a few others. It took them a good ten 
minutes to cover the 60 or 70 yards between us. Even then they came no 
closer than 10 paces of where I waited with the interpreters. They were very 
reservedly polite; they were also ready to disappear into the surrounding 
jungle at a second’s notice. They reciprocated my hope however that we 
should see more of each other that afternoon or the next day. 

Early next day a fair number of them came down close to the edge of the 
’ camp and looked on. As far as I was able to gather there was no chief there, 
but as the result of several messages through the medium of the guides and 
interpreters, the khunpawng (village committee) came in during the afternoon 
and brought the usual offerings. After an exchange of courtesies, I described 
our mission and our desire to visit lake Nawngkhio to verify its position on the 
map (which I produced and explained), and promised not to interfere with 
the shrines. Suspicion and uneasiness greeted my first efforts, but after going 
over them again the proposal was received more favourably. I was told how- 
ever that Toila could not approve the visit on its own responsibility. It must 
inform other villages and obtain their concurrence to the visit. Apparently 
Toila constituted itself one of the guardian villages of the lake, and it would 
have been unwise for it to approve our visit without consulting the other 
villages and getting guides from them too. The khunpawng promised to send 
men immediately to inform the other villages, and obtain a guide from each 
of them so that we could make the visit next day. I was not sure that Toila 
was not putting us off, and that guides from Toila, or elsewhere, would not 
be conspicuous by their absence next morning. The visit of the khunpawng 
reassured the people, a number of them even coming into camp, some to sit 
round a camp gramophone and others to watch the Gurkhas playing chinlon. 
Others brought in some rice and paddy for sale. 

It fell to me, as the officer in charge of the column, to take charge of the visit 
to the lake. We planned to march at 6.30 a.m., the survey parties, myself, 
and an escort of five rifle sections and a Lewis gun section; but the guides did 
not appear until 7 a.m., and then only two of them from Toila after my Loila 
interpreter had been to the village and reminded the khunpawng of their 
promise of the day before. The khunpawng told the interpreter that the other 
guardian villages had been informed of our proposed visit, and that some of 
them had said they would not send guides though not opposing the visit. 
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It was questionable whether, without guides from at least a few of the 
guardian villages, we would be wise to make the attempt. Any hostilities 
might wreck completely the remainder of the survey programme. Meantime 
my Loila interpreter went up to the village again. He returned at 7.30 a.m. 
with three more men who had just come in, one from Kawni and two from 
Ok-Ak, two of the several other guardian villages of the lake. They supplied 
the information that Pyelin, a village of 300 houses north-east of Toila, and 
two of its subordinate villages, were in two minds about opposing the visit. 
There would only be one answer to that if we failed to go that day, as the 
story would go round at once that Pyelin had frightened us off. Our five 
guides appeared to be a sufficiently representative party, and we marched 
out at 7.45 a.m. towards Salok Mu. 

The guides refused to march behind the points, or in among the advance 
guard. They said they must march in front if at all: having sepoys in front 
of them as well as behind apparently savoured of being in custody. Half-way 
up a steep hillside at 10 a.m. they said they had had no food that morning 
and could go no farther. We halted for breakfast, the Gurkhas subscribing a 
square meal for the guides. They appreciated it, but said that it was too 
dangerous for them to continue, but if we went on “over there” we would 
find the lake ourselves. From their descriptions and pointings of “over there” 
it was easy to see that, left to ourselves, we stood a very poor chance of finding 
the lake that day. The old maps, which on hearsay evidence showed two 
lakes, were not reliable in this area. 

We moved on again after half an hour’s delay in restoring the confidence 
of the guides. The Kawni man, who spoke some Shan, appeared to magnify 
risks to gain in kudos and rupees, so I put him behind with the survey party. 
The other four guides said they would only go if I led the way, as they did 
not want any Wa we happened to meet to know that they were actually 
guiding us to the lake. After proceeding in this manner for 2 or 3 miles the 
guides said we were approaching the danger zone and might meet parties of 
armed Wa who would shoot on sight. They did not want to be identified, and 
asked for coats to disguise themselves. Two survey peons each shed a blue 
flannel blazer and an old khaki tunic, both boys’ size, which two of the 
muscular Wa stretched over their shoulders. Their only other clothing was 
the abbreviated bathing drawers of the wild Wa. 

I was anxious that we should succeed because there was no knowing what 
local opinion might be next day. Pyelin and its subordinate villages might 
display open hostility. I put a section in front of me here and kept the two 
‘‘undisguised” Wa behind me. Their earlier nervousness of having sepoys 
in front as well as behind appeared to have left them. Wild or any other Wa 
do not shoot on sight unless they are fairly sure they can get away with it, and 
a rifle section in front would make them consider the advisability of doing so. 
Within half an hour we met two armed parties of Wa, the first party about 
forty strong and the second about twenty. Every man of both parties carried 
a gun, or bow and arrows; some of them both weapons. We greeted them 
pleasantly. They returned the courtesy but with more reserve and some 
surprise, and passed on. Who they were or whence they came we failed to 
ascertain, as they remained silent to our questioning made as we hurried 
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along. A little farther on a couple of women and a man with a gun stampeded 
from some fields we passed. Our guides called out to reassure them but 
without success, and they disappeared over the sky-line. I wondered if they 
had gone to spread alarm in their villages. Apparently the same thought 
occurred to the guides, for two minutes later they switched off the track 
into the thick jungle and started taking us across country. For an hour or 
more we pushed through dense elephant jungle and came out on a poppy- 
cultivated hillside where trees of big girth, many having a diameter of 10 to 
12 feet, had been felled ‘and lay scattered about. This massive tree growth 
is one of the features of the vicinity of the lake area. Here we turned south- 
west and passed between two high rocky peaks of conical shape, about 200 
yards apart, a striking gateway to the lake area from the east, and then turned 
south again, skirting along the fringes of more poppy cultivation. We saw no 
signs of any one. We marched on, our guides still saying and pointing ‘‘over 
there” in reply to my frequent and anxious inquiries. 

I wondered how long this was going to continue, and decided on 2 p.m. as 
the latest hour we could march to, as we would require at least five hours 
to get back to camp. I felt so sure however that any turning back with the 
intention of coming out again to-morrow could only result in failure, 
owing to one or all of the guardian villages changing their minds about the 
propriety of our visit, that I was prepared to go on to a later hour. At 2 p.m. 
we reached a steep rocky track leading through more dense, heavily treed 
forest, the trees thickly covered with moss and hung with creepers in great 
profusion. The guides began to show signs of excitement, and said the lake 
was very near. Ten minutes later they said we had arrived. We could see 
nothing, but the guides pointed below from where we could hear the faint 
splash of water as from a waterfall. Pushing our way down through about 
300 feet of dense forest of fern, cane, bamboos, and large padauk trees, we 
came out on the east of the lake, 15 feet from the water’s edge. 

The lake was quite different from what we had imagined. From all accounts 
we had supposed it to be circular in shape, and at least half a mile across, and 
of a striking intensity of depth even at the sides. What met our gaze was a 
rough oblong of still clear water with a range of thickly forested hills on the 
west ; a high, three-sided, thickly forested rocky peak of conical shape standing 
back from the north-west corner; and at the north end, a grass-covered morass 
beyond which, on higher ground, was more dense forest; and then a spring 
which feeds the lake at its north-east corner. On the east is a continuation 
of the enclosure of dense forest. The east bank swings in westwards some 
distance down, and narrows the southern end of the lake to about 100 yards. 
From the surface of the water appeared the tops of dead trees along the sides 
and middle of the northern third of the lake. The rest of the surface appeared 
to be quite uninterrupted. We had the impression that the lake bed slopes 
from north to south, and that the deepest part of its northern third could not 
be more than 30 feet, the height of trees of similar thickness along the sides 
of the lake. The only rocky peaks we saw were the two forming the gateway 
to the lake area from the east, and the one at the north-west of the lake. We 
saw no signs of a fourth peak. 

It was past 2.30 by the time the survey parties had found a suitable spot to 
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work from. This was a miniature promontory of firm ground, distinct from 
the remainder of the soft water-logged edge of the lake. Working with the 
utmost rapidity they completed their task in less than an hour. The survey 
report gives the position of the lake as lat. 22° 54’ 30” and long. 99° 20’ 58”; 
its elevation as 7300 feet, length 600 yards, and maximum width 250 yards, 
and states that the lake is situated in a depression on top of a ridge known as 
Salok Mu with ranges of hills enclosing it on its east and west, the water 
oozing north-east to form the source of the Nam Hse. Survey opinion is 
that the lake drains south-east to form the source of the Nam Hsa. Time 
did not permit of our exploring the southern end of the lake. Our guides were 
very definite that what we could see was the southern end, and that there was 
no second lake. 

We saw no signs of the walnut trees and the guides said there were none. 
What we did see were numerous trees hung with the kundawk creeper. The 
kundawk is an ingredient of the betel chew, and grows somewhat in the 
shape of a bean. It is largely exploited by the Wa of this area. A Gurkha 
sepoy showed me some tracks in the waterlogged edge of the lake. It was 
impossible to identify them as they had sunk deep and had partly closed. We 
thought they might be the tracks of the bison which are reported to live in the 
dense forest round the lake, and which are more effectively protected by the 
rulings of Hpyi Mut, the spirit of the lake, than by the game laws. 

It was now 3.15 p.m. We had been out of communication with camp since 
our breakfast halt, and anxiety would be felt. The rocky peak at the north- 
west corner of the lake would have probably got us in visual communication 
with camp, but it looked extremely difficult of ascent. In any case it was not 
advisable to attempt it as our guides said it was the residence of Hpyi Mut, 
who sweeps the shores of the lake with a new broom every night. It was with 
feelings of reluctance at having to hurry away so soon and leaving unexplored 
this mysterious and beautiful spot, that we formed up to commence our return. 

We were pleased to find ourselves going back by another route which 
passed west of the two rocky peaks forming the striking entrance to the lake 
area from the east and avoided the dense forest we came through earlier in 
the day, but the track was precariously steep and rocky in places. Large flat 
slabs of rock in rnany places were worn as smooth as ice by the passage of feet. 
I did not realize their smoothness until I essayed to ride over one, when my 
horse skated off it, almost down the nearly vertical hillside. 

After a mile or two the track improved, and we met several small parties 
of lake area Wa felling trees, which they hew into rough planks and cattle 
drag to their villages. They answered our greeting pleasantly enough and 
seemed quite undisturbed by our appearance. At 5.45 p.m. we reached a 
spot from where we were able to visual to camp and report our success, and 
that we should be back by 7.30 p.m. The light faded soon afterwards, but the 
track improved, and the Gurkha section in front maintained a steady 3 miles 
an hour. We neither met nor saw any one after passing the woodcutters until 
passing Yawnglun (Wa Lun) villages at 7.30 p.m. The village dogs announced 
our return from some distance away. Passing south of the main village we 
found its inhabitants grouped round a big bonfire. ‘They waved us on in 
friendly manner towards our camp, which was reached at g p.m. 
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We halted at Toila next day. No reports had reached us of any unrest 
following our visit to the lake, but a halt was made to avoid giving rise to the 
belief that we were hurrying away from the area for fear of consequences. 
Toila Wa, Wa Lun, Wa Pwi, and others, came round camp in greater numbers 
than we had yet seen them. We had the impression that our successful visit 
to the lake had increased their confidence in us. On the second day we turned 
about and marched to Man Kalu in the Hsanhtung area. We could not be cer- 
tain that our visit to the lake might not have its reactions when we began to 
leave the area. Toila Wa were as we saw them when we marched in three 
days before, grouped together at their end of the track leading to the village. 
They looked friendly enough and it seemed a good opportunity to say a few 
words to cement our friendship. I rode slowly towards them, but again I 
was entreated not tocome that way. I gave it up and continued the march. 
The first 3 miles from Toila convinced us that there was no fear of unrest, 
or likelihood of attack being made on the rear of the column. 

At Hsanhtung several large groups of Man Kalu villagers stood about and 
watched our arrival. Some had brought their guns with them, presumably 
to show how unafraid they were. Others had obviously attended a drinking 
party that day. They were very trying, as Hsanhtung assurance soars high 
under the influence of intoxicants. I asked for the two chiefs who called on 
us at Laklai on our way to the lake area some days before. A man went to 
fetch them and they arrived about fifteen minutes later. They apologized 
for their delay and for the bad manners of the villagers who brought their 
guns, and for the maudlin state of the others, and then led the way through 
the group of villages called Man Kalu. The ostentatious manner in which 
groups of men stood in front of the skull groves as we marched into the area 
was noteworthy. It was the first display of its kind we had seen. 

Hsanhtung has several chiefs. Every large village (some of them have as 
many as 300 houses) or every group of villages, has its own chief. Four of 
the bigger chiefs called on us in camp and brought presents of rice, and eggs, 
and sugar cane, in token, they said, of their appreciation of the hospitality that 
had always been accorded them during their travels in the Northern Shan 
States where they go to sell beeswax, fibre rope, and lead, and bring back salt. 
They perform the journey to Hsipaw and back on foot, either disdaining, or 
being too suspicious, to travel by lorry even where opportunity offers. The 
assurance in the might and power of Hsanhtung is colossal. The other Wa 
confine their travels to their own areas and to those they have agreements with, 
and travel in large parties if compelled to pass outside them; but Hsanhtung 
Wa, even alone, travel everywhere. They are also the chief head hunters in 
the Wa States, and any rumour that their head-hunting parties are about 
causes serious alarm in the smaller and weaker villages, and strikes terror 
into the hearts of lonely travellers. 

Our next halt of importance was at Hsungramang, another head-hunting 
area. Many areas have given up taking heads, and buy old skulls from 
genuine head-hunters in Hsanhtung or elsewhere. The cost of a head so 
purchased may vary from a drink and a meal to a couple of pigs. Between 
Hsanhtung and Hsungramang and near the latter, we passed two of the biggest 
skull groves in the Wa States. 
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The skulls are eventually removed to the skull grove where they are placed 
in hollows prepared for them about a quarter of the way down posts standing 
four or five feet high from the ground. The posts in two of the groves 
referred to were the most elaborate we had seen so far; some were round 
and some were flat. Some of them were painted in fantastic fashion; 
others were carved equally fantastically, one to resemble a woman’s breasts ; 
others had flat slabs of stone on top of them. We noticed that, in some 
of the posts, the skulls faced inwards, and in others, outwards; and that in 
the hollowed-out places of a few posts there were mud plaster effigies of heads 
complete with faces. The number of the posts does not appear to indicate 
that head-hunting is frequent or regular. Many of the posts were very old and 
the skulls, if not already crumbled and fallen out, were bleached white with 
age. I saw no very new skulls, though some of the sepoys thought they saw a 
few. As to where the heads have been obtained it is difficult to say with 
accuracy. The weaker or hostile Wa villages are sometimes raided for them. 
It is not a subject the Wa likes discussing with strangers, and any statements 
they may make are likely to be misleading. The crude painting of the posts 
is a matter of taste. Each of the carvings has a certain significance: that of the 
woman’s breasts being an invitation to the next head to come soon; the slabs 
of stone on top of the posts represent a kamawk (a wide-brimmed straw hat) 
to shelter the spirit of the head; the mud plaster effigies of complete heads 
are substitutes until the original articles are secured; the direction in which 
the skulls face is dictated by the spirit at the time of offering. 

We found the Hsungramang people a happier type than those of Hsanhtung. 
The track to our camp led through their skull grove of two hundred posts 
and was less than 100 yards from it. They were in some anxiety about the 
grove, even though they had selected the camp site for us, but their anxiety 
left them when assured that we would not interfere. The pleasantness of 
our stay at Hsungramang was not exceeded in any area. The chief, a man of 
about thirty-five years old, called with his officials and a large following. I 
introduced him to the mysteries of a hand shake and a camp chair. He under- 
stood the former quickly enough; but the chair he viewed askance for amoment 
or two as well he might, for he was stout and heavily built. He smiled and 
accepted my joking assurance that it was safe, even for him, and proceeded to 
slowly sit himself down in it. His officials and followers viewed this with due 
solicitude and gravity and, the process completed, joined in his expansive 
smile. 

‘Two days later we marched to Vingngun where we met the much-respected 
chief of that area. He expressed himself delighted to see us back again after 
our tour through country which neither he nor the Hsungramang chief had 
seen. We reached Loilon two days later. Our arrival there witnessed the com- 
pletion of the survey programme and the departure of the survey parties to 
join up with their headquarters. Apart however from the importance of the 
survey, no more interesting and useful programme could have been planned 
for us. We had also solved the age long riddle of the fairy lake in the remotest 
part of the wild Wa country. 
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Part II: MORPHOLOGY OF THE FRANZ JOSEF FyorD REGION 


There is ample evidence in this region of the former much greater extent 
of the Inland Ice-Sheet. Presumably during the Pleistocene of Europe and 
North America, and probably even later, the continental ice spread out over 
the coastal area, and enveloped all the mountains. On the summit of the 
Teufelsschloss at 4300 feet I found erratic blocks, and at an equivalent 
elevation on the mountains of Ymer Island opposite, Bretz made a comparable 
discovery. Not so remarkable perhaps as to actual locality was erratic material 
on the top of the peak of Mount Gog (8550 feet) and a neighbouring ridge 
(Mount Mona) near Nathorst Peak, now rising about 2000 feet above the 
Inland Ice, but the precariousness of its position, in these cases on such 
acute eminences, made one wonder at the combination of fortunate circum- 
stances that had brought about its survival. J. M. Wordie had noted travelled- 
boulders on Clavering Island in the neighbourhood of the coast at 2500 feet 
above sea-level; and on the hills of Hold-with-Hope, only a few miles to the 
south, Bretz in 1933 found an unequivocal upper level of transport at 1925 
feet. He is of the opinion however that the higher parts of these hills pro- 
jected above the ice as nunataks at the maximum stage of glaciation.» The 
evidence is therefore indisputable for a once much greater inundation by ice 
of this region. 

What then are the morphological effects that are to be seen over this now 
ice-vacated area? How much of the land-sculpture is to be attributed to 
continental ice, how much to local mountain glaciation, or how much to 
pre-glacial, as well as post-glacial stream-action? 

In the excellent chapter by Bretz on the physiography of the region, to 
which reference has been made, a very full account is given of the various 
glacial features, both constructional and erosional, and of the probable 
sequence of events that he considers has brought them about. The reader 
is referred to that comprehensive description; here it is only proposed to 
comment on a few special cases, which would seem however to provide 
further evidence and an alternative mode of interpretation for much of the 
sculpturing of the region. 

Briefly, Bretz maintains that although the amount of moraine visible in 
North-East Greenland is extraordinarily small, yet glacial erosion has been 
very great; that obviously most of this erosion occurred during the maximum 
stage of glaciation, and very little during the retreatal stages. Yet, he observes, 
it must not be supposed that a great mass of eroded material lies immediately 
off the coast, since Boggild’s claim to have discovered a submarine moraine 


' Bretz, in Louise A. Boyd, ‘ The Fiord Region of East Greenland,’ p. 222. 
2 Bretz, op. cit., p. 162. 
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has been discounted by O. Nordenskidld.' It would seem to the present 
writer however imperative that further intensive dredging work be done off 
the coast-line, and in the mouths of the fjords, to establish definitely whether, 
or where, the postulated vast bulk of eroded débris has been laid down. 
Incidentally the same plea has been made for Antarctica, where a very con- 
servative estimate of the power of the continental ice-sheet to erode has been 
maintained by most observers in that region.2, But this may perhaps be on 
account of the greater sluggishness, and therefore reduced erosive ability, 
of the glaciers now than formerly during the maximum stage of glacierization. 


Accordance of summit-levels 


Let us first of all consider that ever-significant and challenging pheno- 
menon, discernible in many mountain-ranges in different parts of the world, 
of the accordance of summit-levels. Standing on any of the higher mountain- 
tops of Fraenkel Peninsula, Andrée Land, or Miss Boyd Land, it can be 
seen that the majority of summits conform to a uniform height within fairly 
narrow limits, but that just a few peaks project above that average level. 
Moreover it can be observed that a great many of the summits are remarkably 
flat-topped, whether snow-capped or not; and between the mountain groups 
the fjords wind their way out to the sea. This adherence to a general height 
has been emphasized by Wager for the mountains of South-East Greenland, 
and he has arrived at interesting conclusions as the result of this and other 
connected observations. He considers that since the time that the hinterland 
was upraised, it has preserved its plateau-like character owing to the con- 
tinuous protection afforded by the ice-sheet. The deeply trenched marginal 
area of the ice-cap, with its now isolated flat-topped mountains, he regards 
as initiated by river erosion during an earlier warmer period when the ice- 
sheet shrank back, and further modified by the valley glaciers which flow 
down them to the sea at the present day.3 In the writer’s opinion the only 
weak stage in the postulated sequence of events is the assumption of ice-cap 
shrinkage to give initial channelling by river-action. As plausible and more 
likely a mode of initiation, combined with Wager’s idea of early (Miocene) 
age for the formation of the ice-cap, would seem to be sufficiently rapid 
elevation of the plateau, together probably with down-warping or -faulting 
of the coastal region, to give maximum effect under optimum conditions to 
marginal valley-glaciers. It seems probable that small rivers may have pre- 
ceded the glaciers in some of their present courses prior to the establishment 
of glacial climatic conditions, but it would appear unnecessary to postulate 
ice-cap shrinkage to commence the processes of erosion. 

Does such a thesis fit the region of North-East Greenland, with its wider 
belt of country free of Inland Ice and its great system of anastomosing fjords? 
Bretz maintains that there is evidence on all sides for great and profound 
glacial erosion within this belt, and he peremptorily opposes any possibility 
of protection by highland ice-covering for this area, or for that beneath the 


' See Bretz, op. cit., p. 222. 
2 Wright and Priestley, ‘Problems of Polar research,’ p. 335; ‘Glaciology,’ p. 131. 
3.1L. R. Wager, ‘“The form and age of the Greenland Ice-Cap,”’ Geol. Mag., LXX, 
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Inland Ice. He sees in the plateau-like character of the uplands carrying 
highland-ice, as in hanging valleys and glacier-filled trenches, convincing 
evidence of glacial erosion, and he concludes that “this part of Greenland 
has afforded no student any evidence of the protective influence of its ice 
cover.” * Few who have observed the living association of high-polar glaciers, 
glacier-filled cafions, and the fjords of such a region can doubt the responsi- 
bility of ice as a not unimportant factor in its sculpture. But this is ice in 
motion, and in rigid frozen condition, and also armed with ample morainic 
abrasive. For ice however without motion, resting static on portions of old 
plateau in the fjord-belt, or practically without motion and unarmed, as in the 
case of the Inland Ice away from its glacier-outlets, the thesis is much more 
difficult to appreciate. It is in this latter respect that the writer is constrained 
to differ from Bretz in his wholehearted devotion to widespread glacial 
erosion, irrespective of the condition and situation of the ice. 

It is of interest in this connection that an acute and experienced polar 
observer, Professor Otto Nordenskiéld, in noting the frequent association 
of mountain-plateaux in high latitudes with present or former continental ice, 
in contrast to regions where there had been no ice-covering, considered that 
such land-forms represented the old denudational surfaces or raised pene- 
planes that had been preserved by the protecting ice-cover, rather than that 
they were the product of frost-weathering and ice-erosion. “In an upland 
region,” he declared, ‘‘the work of ice would seem to express itself in the 
greater deepening of the major valleys—resulting in the development of fjords, 
and the preservation by the ice-cover of the flat surfaces, both those at lower 
and at higher levels, but more especially the latter.” 2, Moreover, from their 
extensive investigations in Antarctica, Wright and Priestley had earlier stated 
that they were compelled to the conclusion that the ice-covering of the con- 
tinent had to-day a predominantly conservative effect; and that it was not 
until the outflowing glaciers, and they alone, had acquired a certain critical 
speed that they could be considered eroding agents comparable with other 
geological forces.3 From his own observations in Greenland, Spitsbergen, 
and Norway, the writer is entirely in agreement with these authorities. 


The fjords 


As for the great system of fjord-cafions of North-East Greenland, Lauge 
Koch has considered that they have been excavated along systems of major 
faults, while Backlund maintained that they bore a relationship to the so-called 
“‘magma-front” of advancing Caledonian intrusion. J. M. Wordie, on the 
other hand, argued that the fjords are drowned valleys and are not of tectonic 
origin. Bretz’s studies too go to show that they ‘“‘were originally stream- 
eroded valleys in the steep margin of the plateau, but that glacial erosion has 
greatly modified them and has added valleys that did not previously exist. 
One valley in the complex (Mackenzie Valley) is thought to be the product 
of faulting, all others studied are considered erosional in origin.” 4 But what 


' Bretz, op. cit., p. 203. 

2 Otto Nordenskidld, 1928, ‘The geography of the Polar Regions,’ pp. 57, 58. 
3 Wright and Priestley, op. cit., p. 131. 

4 Bretz, op. cit., p. 228. 
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is perhaps of special interest in Bretz’s view of things is the development of 
the fjords beneath the ice-cap during its once greater extension towards the 
coast-line. He maintains that at the time of that extension the outward- 
flowing ice-sheet would have concentrated flow along certain previously 
moulded courses, namely the former beds of rivers, and that such relief as 
was previously determined would be emphasized by these deep streams of ice, 
and further valleys as well would be eroded out. Finally, when the Inland Ice 
had withdrawn, he “‘holds that the only principal landscape feature of later 
date is the spectacular steepness of fjord walls, that being due to undercutting 
by fjord glacial tongues.” ! It is of interest that this conception was precisely 
that of Fridtjof Nansen,? and, in the absence of reference, Bretz would seem 
to be unaware of it. In support of this suggested process of fjord excavation 
below an ice-sheet, Bretz cites the pronounced depressions far into the Inland 
Ice, such as the Petermann Glacier in northern Greenland, described by 
Koch 3 and Peary, and corresponding depressions, determined in part by 
seismic methods by the Wegener Expedition, on the west coast of Greenland.4 
Bretz accordingly claims these examples as clear testimony that the fjord- 
valleys do exist beneath the ice-sheet and that they carry the maximum flow 
of the region. 

But even if we agree with Bretz that valleys of the kind described do carry 
during submergence the greater flow of the region, it is not so easy to believe 
that consequently they must have been mainly excavated by ice during 
maximum glacierization. It will largely depend on local circumstances, such 
as the availability of moraine as abrasive. From the evidence in northern 
Greenland Lauge Koch concluded that the depressions and fjords existed 
long before the glacial period, and Bretz himself, of course, envisages valleys 
commenced by river-action for the trenches of the Franz Josef Fjord region. 
How then can we obtain a measure of the erosion that is to be attributable to 
their period of occupation by ice? Many experienced glaciologists have found 
it very difficult to arrive at even an approximate estimate of ice-erosion under 
the varying circumstances of its occurrence; and a great many more quanti- 
tive observations will have to be made before any reliable figures can be 
obtained. In this connection it is regrettable that Nansen was not able to 
complete his promised researches in this line of inquiry. He had however 
come to the conclusion that, on the whole, the erosive power of a moving 
glacier may increase approximately with the third power of the velocity of 
the motion at its under side. This would mean that if this velocity be in- 
creased ten times, the erosive power of the glacier should be augmented about 
a thousand times. And he accordingly compares the great sculpturing power 
of the fast-moving glaciers of northern Greenland or the Himalaya with the 
lesser capabilities of the slower ones of Norway and the Alps, or again with 


' Bretz, op. cit., p. 239. 

2 Nansen, 1922, ‘The Strandflat and isostasy,’’ Videnskaps. Skrifter 1, p. 23. 

+L. Koch, “Contributions to the glaciology of North Greenland,” Medd. om 
Gronland, 65, p. 292, 1928. 

4 Ernst Sorge, Geogr. ¥. 81 (1933) 349. To the above examples may be added the 
great extended depressions at the head of the Kangerdlugssuak and other glaciers 
passed by the Martin Lindsay Expedition, 1934, in S. E. Greenland, see Geogr. 7. 
85 (1935) 393 et seg.; 86 (1935) map following p. 296. 
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the impotence in this respect of immobile inland ice-sheets.t Too little 
notice, perhaps, has been taken of many of Nansen’s shrewd remarks on these 
matters. 


Fundamental factors in glacial erosion 


We have to take into consideration certain fundamental qualities that would 
appear to be causal factors in the matter of ice-erosion, and in the absence of 
certain of which it would seem evident that ice is incapable of eroding its 
rock-bed. 

First we have movement, without which ice can only reasonably be con- 
sidered an agent of protection on the land-surface, and entirely lacking 
scour, abrasion, or erosion. But once put into motion, and in proportion to 
its thickness, and therefore pressure, its abrading or eroding possibilities 
appear to rise to considerable values for those glaciers which attain high 
velocity. 

The second factor is rock-content in the basal layers of the glacier. Unless 
morainic material is held in the base of a glacier it is ipso facto impossible for 
ice, being of less hardness, and subject to melting at a certain critical pressure, 
to cut into rock or even scratch it. This point is so frequently neglected and 
lost sight of that it would seem to require emphasis. Even the potentialities 
of glacial ‘‘plucking,” under conditions of complete submergence, appear to 
have been exaggerated on general grounds, as well as in the light of the obser- 
vations made beneath certain Alpine glaciers during the War.? 

Thirdly, the temperature of the ice is probably a more important factor 
than has been recognized heretofore. As emphasized above, the frozen 
character of high-polar glaciers and their consequent greater rigidity and 
ability to grip firmly their morainic tools, as well as their movement largely by 
shear, should greatly enhance their powers of erosion. It is probable that the 
plastic condition of the ice of temperate glaciers, and its lesser grip on its basal 
morainic material, results in reduced erosion by such glaciers, in comparison 
with those in the Arctic. 

Fourthly must be mentioned the possibility of disintegration by alternative 
melting and freezing of water on the underlying rock, which it is thought by 
some 3 will result from frequent changes in the stress and pressure of the ice 
moving over a rough surface. But we are as yet ignorant as to the precise con- 
ditions prevailing at the base of a thick ice-sheet, although it has been sur- 
mised by some investigators that the ice at the bottom melts owing to the 
warmth of the earth.4 If this is so then it is not until in moving outwards, and 
when reduced to a certain critical thickness, that its basal layers will again 
become frozen, and debouch at the margin in the known condition of high- 
polar glaciers. Postulating such a melting condition for the deepest parts of the 
ice-cap, then it would seem that only in the zone of critical thickness towards 
the margin of a thick ice-sheet could the possibility of freeze and thaw, and 


! Nansen, op. cit., p. 21. 

2 Ante, R. Klebelsberg, 1920. 

3 Cf. Nansen, op. cit., p. 20. 

4 Ernst Sorge, ‘“The scientific results of the Wegener Expeditions to Greenland,” 
Geogr. F. 81 (1933) 341. 
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its attendant disintegrating effect be present. But until more can be ascer- 
tained as to the actual condition of the basal layers of an ice-sheet it would be 
unwise to lay much stress on the competence of such a process in the Arctic. 
We know sufficient at present to believe that freeze and thaw is not taking 
place beneath high-polar marginal glaciers, and that it can only be invoked 
as an erosive force below the melting glaciers of the Temperate Zone, and 
possibly those of sub-polar type where favourably situated. 

Fifthly can be included the indirect factor of melt-water that beneath 
temperate glaciers and some sub-polar glaciers exists in great rushing 
volumes, laden with rock débris. Since however, as stated earlier, melt-water 
is non-existent beneath high-polar glaciers, we can for the sake of the present 
argument, and in relation to the region under discussion, leave it out of con- 
sideration. The last erosional factor that should be included with the above 
is that of ‘‘clearance,” or the ability of a glacier to keep itself in contact with 
its rock foundation, and prevent an excessive accumulation of basal moraine 
that will otherwise obviate its cutting powers. This consideration is impor- 
tant, and is frequently forgotten by the extreme school of glacial erosionists.' 

Of the above-mentioned factors, the first and second can be regarded as 
essential to glacial erosion irrespective of physiographic or climatic con- 
ditions. Without motion an ice-sheet or glacier cannot wear away the land 
surface on which it rests ; nor can it do so unless armed with morainic abrasive. 
It is clear that where a glacier or portion of an ice-sheet falls from, or 
passes between, mountains and other emergent features, it has ample oppor- 
tunity to acquire moraine for scouring purposes. But what is not so clear is 
whether a glacier, or ice-sheet, given appropriate motion, though without 
such emergent features to provide débris, can do the work of excavation, or 
so much of it as is often supposed. And it is precisely in this question that 
there lies a possible weakness in the hypothesis originally put forward by 
Nansen and utilized by Bretz. 

The potentialities of sub-glacial plucking being in doubt, and in the case 
of marginal high-polar glaciers the disintegrating effects of basal freeze and 
thaw, as stated above, being absent, the only available material to do the work 
of erosion is the débris inherited by the region from its pre-glacial existence. 
If this is available in quantity at the time of the encroachment of the ice- 
sheet, it would seem that erosion can proceed, and be emphasized in the 
previously formed fluvial valleys. Should the supply of rock débris from 
such a source be inadequate, or the movement of the debouching periphery 
of the ice-sheet little, only a meagre amount of abrasion could be expected, 
and the excavation of profound valleys—the forerunners of fjords—would 
clearly be impossible. Unless a suitable set of conditions obtain during the 
onset and progress of complete regional inundation by an ice-sheet, it would 
seem unsafe to conclude that such an ice-advance will have the intense effects 
that have been ascribed to it by Bretz. Very much, too, will depend on the 
rock-structure of the country involved, whether varying much in hardness, 
or degree of folding and faulting, or whether it is fairly homogeneous in 
character. If the latter, it is more likely that an advancing ice-sheet will tend 


' Cf. H. L. Fairchild, 1905, ‘Ice erosion theory a fallacy,”’ Bull. Geol. Soc. Amer., 
16, p. 26, 
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to reduce obstacles in its path towards a common level, or glacial peneplane, 
than emphasize previously existing irregularities, or initiate fjords.' 

With due consideration therefore for all the circumstances and conditions, 
the chief of which have been outlined above, it would appear safer and more 
reasonable to the mind of the writer to attribute the greater part of fjord 
formation to the period of partial and complete emergence of the land-surface 
of North-East Greenland than to the time of its entire submergence by the 
continental ice. 


The related morphology and bathymetry of the fjords 


But whatever may have been the actual conditions obtaining at the time 
of their formation, the fjord system of North-East Greenland is without 
doubt one of the most remarkable and spectacular of its kind in the world. 
Great rock walls, often intensely coloured in red, yellow, brown, white, or 
violet, tower abruptly upward from the fjord-level to glacierized plateau- 
summits or alpine peaks which are intersected with ice-tongues descending 
often through several thousand feet to the water. Recent work has shown 
that not only are some of these fjords the longest known, but they exceed in 
depth all others. Scoresby Sound has the largest dimensions, its longest 
branch, North-West Fjord, being approximately 330 kilometres (215 miles), 
and having a greatest depth of 793 fathoms.? The longest ramification of 
Franz Josef Fjord, reckoned from Bontekoe Island to the Nordenskiéld 
Glacier front, is about 150 miles, with an extreme depth at the entrance to 
Ice Fjord, according to Sparck, of about 1000 metres (546 fathoms).3 

Our expeditionary ship, the Veslekari, was fitted in 1933 by Miss Boyd 
with a Hughes Admiralty Recording Echo-Sounding machine, and a series of 
interesting and instructive profiles were obtained of those portions of the 
Franz Josef Fjord system which we traversed.4 The profiles, together with 
the comprehensive Danish bathymetrical work by Sparck,s have given a 
wonderful picture of these remarkable submerged trenches. It is as yet by 
no means a picture known and represented in every detail, but there is 
sufficient area charted to obtain a very fair idea of the unexpectedly varied 
contouring of the bottoms of the main fjord and most of its branches. For 
such detail as is available the original papers on the subject should be con- 
sulted; here it is only intended to point out the main features and their 
geological significance. 

‘The outstanding character of this great fjord system is that it is composed 
of a series of deep basins which are separated by thresholds, and also in 
general that there is an increase in depth from the outer to the inner parts 
of the fjords. Moreover, the deepest trenches can be seen to occur in those 
portions of the main fjord which are downstream from points of convergence 


' Cf. Wright and Priestley, op. cit., p. 131. 

2G. Thorsen, 1934, “‘Contributions to the animal ecology of the Scoresby Sound 
Fjord complex,’’ Medd. om Grenland, 100, Nr. 3. 

3 R. Sparck, 1933, “Contributions to the animal ecology of the Franz Josef Fjord, 
and adjacent East Greenland waters,’’ Medd. om Gronland, 100, Nr. 1. 

4 See Chas. B. Hitchcock on ‘‘Echo sounding records” in Boyd, ‘The Fjord Region 
of East Greenland,’ 1935. 

5 R. Sparck, 1933, op. cit. 
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of tributary fjords. These points stand out clearly in Sparck’s charts. The 
profiles taken by the Veslekari, and redrawn to a natural scale by Hitchcock, 
are mainly of interest as showing the character and true shape of the sub- 
marine cross-section of each fjord represented. Beautiful examples of 
catenary curves emerge from these latter sections, corresponding with those 
of typical glacially modified valleys. These natural profiles are obviously of 
far more value glacio-morphologically than those drawn with exaggerated 
vertical scale: the latter are always grossly misleading to the lay mind. 

In considering the general trend of this fjord complex and the position of 
its deepest troughs there appears to be no ruling relation between them and 
such features of geological structure as major folds and faults. Portions of 
the fjord system may coincide at places with the latter, and related cases are 
known (e.g. Gregory—Mystery Lakes Valley and very probably Kjerulf 
Fjord—Lower Gregory Valley) where geological structure has clearly deter- 
mined topography. But on the whole the fjord pattern of East Greenland is 
not due, as it has been shown to be in some other countries, to features of 
geological deformation of a major order. Bretz has remarked that while some 
fjord valleys seem to coincide with faults, other known faults cross the fjords 
and islands with scarcely any effect on the ground plan; and in many cases, 
it should be noted, faults running along fjords have only been inferred by 
supporters of the tectonic theory of fjord origin because of differences in rock 
or structure on the two sides of fjord. Unlike what has been claimed for the 
coast-lines of such countries as Norway, Patagonia, or British Columbia, 
where many fjords are of the longitudinal type, and seem clearly to have 
been determined by the structural grain of the region, even if they are not 
actual rift-valleys,? the fjords of North-East Greenland are mainly trans- 
verse in trend, that is, either directly or obliquely athwart the ruling struc- 
tures. This does not deny that, locally, systems of joints, or other structural 
zones of weakness, may not originally have determined the line of drainage 
whether of water- or ice-stream.3 

Sparck has demonstrated the presence of pronounced and extensive 
thresholds off Cape Ovibos and Gauss Peninsula, as well as north of Ella 
Island, where the depth is less than 110 fathoms, compared with the troughs 
deeper than 440 fathoms farther within the fjords, and he supposes that the 
situation of the thresholds at the transition between younger sedimentarics 
and older rocks (so-called Algonkian) may have a geological significance con- 
nected with the mode of evolution of the fjords; but of what character he 
does not suggest.4 Hitchcock is right in noting that the greatest ‘‘over- 
deepened” occurs in the western belt of gneiss and granite, but is incorrect 
when he declares that it ‘terminates where highly folded but less meta- 
morphosed sediments take their place.”5 The low- and medium-grade 

1 Bretz, op. cit., p. 227. 

2 Cf. J. W. Gregory, ‘Nature and origin of Fiords,’ 1913. 

3 Cf. M. A. Peacock, 1935, ‘“‘Fjord-Land of British Columbia,”’ Bull. Geol. Soc. 
Amer., 46, pp. 633-96, for explanation of fjords by combination of tectonic and 
glacial erosion theories. 

4R. Sparck, 1933, op. cit., p. 10. 

5C. B. Hitchcock, 1935, op. cit., p. 308. Cf. my at present unpublished paper, 
‘The structure of the Franz Josef Fjord Region, North-East Greenland.” 
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metamorphic sediments of the folded Petermann and Gregory Series lie far to 
the westward of the deepest troughs of the Franz Josef Fjord, and can be said 
to bear no genetic relation to them. Although these profoundest trenches of 
the fjord lie within the belt of crystalline rocks of higher-grade metamorphic 
character, there appears to be no a priori reason of geological significance for 
their situation within this belt. Nor can the writer subscribe to Backlund’s 
opinion that a continuous, or discontinuous, subsidence of these fjord- 
bottoms is constantly taking place at the present day, to give by such a process 
of faulting not only the smooth clean walls of the fjords, but the associated 
extremes of height of mountain wall and depth of fjord (e.g. at Attestupan) 
where the throw of the faults has been most effective.' 

From study in the field and from consideration of the bathymetrical and 
other findings of Spirck, it is the conviction of the writer that these most 
spectacular clean-cut fjords, with their perfect U-shaped sections, with their 
smooth sides and the effects of glacial polish and striation still fresh upon 
them, and moreover with widespread morainic evidence of the former 
coastwards advance of the Inland Ice, can only be attributed in their finished 
form to the vigorous and probably prolonged action of valley glaciers. And 
in view of the factors mentioned earlier on which glacial erosion depends 
locally for its optimum effects, it would seem reasonable to picture their 
moulding as having largely taken place when the continental ice had advanced 
over the region to form initially a complete or partial “highland” ice-sheet, and 
when valley glaciers could operate with vigour relatively to the more or less 
snow- and ice-protected uplands, which would contribute incidentally, where 
emergent, a supply of rock abrasive to the valley glaciers, while cwm- and 
cirque-action continued. During the stage of maximum ice-inundation the 
embryo fjords would remain enveloped and largely unaffected, if one may 
judge by the preservation of cwms and other alpine forms in Spitsbergen, 
Greenland, and Antarctica, which once were covered by the expanded ice- 
sheet and whose formation was clearly prior to its advance. ‘Then we con- 
sider that during the gradual and continuous, or. more likely discontinuous, 
withdrawal of the ice-sheet, once more the valley-trenches would be filled 
with moving ice-tongues, where erosion would be concentrated yet again 
relatively to the uplands and plateaux, still covered by their immobile and 
therefore protecting snow and névé. As more and more summits emerged from 
the highland ice-sheet and cwm- and cirque-cutting proceeded, so further 
frost-riven débris would be available as a glacial tool for the valley ice-tongues, 
and the work of deepening would go on. This may be conceived to have 
been the modus operandi for the greater part of the fjords in their central and 
outer reaches, with their long stretches, according to Sparck, not deeper in 
the centre of the fjord than 220 fathoms, and interspersed with basins that 
never drop below about 330 fathoms. 


Fjord “deeps” 
As for the inner fjords with their extensive profounder troughs—in the case 
of Kempe Fjord, Franz Josef Fjord, and a short stretch of Geology Fjord, of 


‘Hf. G. Backlund, 1930, ‘‘Contributions to the geology of Northeast Greenland,”’ 
Medd. om Gronland, 74, p. 295. 
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nearly 440 fathoms (the main channel of Franz Josef Fjord has several con- 
siderable deeps exceeding this figure)—it is significant that they occur, as is 
earlier remarked, below or at the convergence of tributary fjords. In these 
places when the fjords carried confluent glaciers the volume of ice to be con- 
ducted through the main channel must have been greatly augmented, and 
enormously increased erosion would clearly have been the direct result. 
Vigorous diffuents from the Inland Ice converging upon these trunk 
channels must have been competent to produce greatly enhanced effects 
within them. It is possible however that the extraordinary overdeepening of 
these sections may have been in part brought about by the margin of the 
Inland Ice having halted for a greater or less period somewhere about 
long. 27° W., i.e. just westward of the deeps, with the result that pro- 
longed erosion by debouching ice-tongues took place along those sections. 

It is of interest to note that the position of these deeps, relative to the 
convergent tributary fjords upstream from them, would appear to correspond 
directly with the features of Alpine valleys called by Penck “‘trough’s ends.” 
The latter were shown by him to be present in many formerly glaciated 
valleys, and in obedience to his “law of adjustment of cross-sections” to mark 
the effects of enhanced erosion by confluent ice from converging cirques.? It 
has to be admitted however that “‘trough’s ends” are absent from many 
formerly glaciated valleys of the Alps and other ranges, a fact that Penck 
himself has been unable to explain with complete satisfaction. 

It is of interest that Sparck has found that only two chief forms of bottom 
deposits prevail in the Franz Josef Fjord system: solid rock and clay; 
sand and gravel are so insubordinate in amount as to be restricted to 
river-mouths; and coarser materials such as stones and rocks of all sizes, 
either dropped by icebergs, or fallen originally on the ice-foot along the foot 
of the cliffs, lie scattered over the clayey or bare rock floor. Absence of move- 
ment in the fjord water, and scanty in-drainage of melt-water and rivers on 
account of the arid climate, is responsible for there being uncommonly little 
mixing of bottom deposits. It would seem to be of significance that the pro- 
nounced thresholds and extensive shallows off Cape Ovibos and near Ella 
Island, referred to above, lie respectively downstream from, and just beyond, 
the notable deep troughs of Franz Josef Fjord and Kempe Fjord, and that 
they indicate the deposition of the excessive glacial scourings of the latter, 
rather than any differential erosive effects as between older and younger 
sedimentary rocks, as has been suggested by Sparck.3 

‘The work of Thorsen in the Scoresby Sound fjord complex, lying to the 
south of the Franz Josef system, has shown that there are some interesting 
contrasts with the latter. The chief distinction lies in the fact that whereas 
the Franz Josef system is notable for its having a series of thresholds and 
basins in its outer reaches, which bear together a threshold relationship 
to the excessively deep trenches of the inner reaches, in Scoresby Sound 
no thresholds whatever have been encountered at less depths than 220 


‘It is probable that Segelsallskapet Fjord, a corresponding ‘‘convergent” fjord, 
could be included with those mentioned, but it has not as yet been charted. 

2 Albrecht Penck, ‘‘Glacial features in the surface of the Alps,"’ Journ. Geol., X11, 
p. 15, 1905. 

3 Spiirck, 1933, op. cit., p. 10. 
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fathoms.' The open mouth of Scoresby Sound and the wide channel running 
up into Hall Inlet, together with the absence of shallow thresholds, has 
markedly affected the movements of water, and consequently the ecology 
of the fjord, differentiating it from Franz Josef Fjord, where the static, cold 
waters, pent up behind thresholds, are relatively barren of life. But very deep 
troughs are to be found within the innermost reaches of Scoresby Sound, 
in the case of North-West Fjord constituting, as mentioned above, the 
deepest known fjord at almost 800 fathoms. Moreover it is significant 
that the three deepest branches of North-West Fjord, @ Fjord, and Féhn 
Fjord, lie, as in the case of the corresponding trenches of the Franz Josef 
system, downstream from the convergence of tributary fjords or valleys. 
Such a correspondence with the conditions and situation of the trenches 
of the Franz Josef complex calls, in the opinion of the writer, for a similar 
genetic explanation for these deeps of Scoresby Sound; and it would seem 
perfectly clear that here again the over-deepening has been directly due to 
augmented erosion by the increased volume of ice that earlier passed through 
these channels, when the expanded continental ice sent glaciers through them. 
Thorsen, on the other hand, declares that “‘all these three fjords have un- 
doubtedly originated by faulting” 2; but he does not support this claim with 
any geological evidence, and the writer knows of none to confirm it. It is true 
that the outer main portion of Scoresby Sound follows a structural junction, 
and probable fault-line, between Jameson Land on the one hand, with its 
mainly Mesozoic and older rocks, and the Blosseville coast, underlain by 
basalt, on the other. But, as far as the writer is aware, not enough is yet 
known of the structural details of Nathorst Land, Renland, and Milne 
Land, between which the deep inner branches of Scoresby Sound lie, to 
warrant the claim put forth by Thorsen. Incidentally moreover the great 
width of Scoresby Sound is better explained by prolonged fluvial erosion 
prior to the establishment of glacial conditions, than mainly by ice-action 
during that epoch. 
Possible relation of ice-cap culmination to fjord deeps 

Knowledge has been accumulating in recent years as to the form and 
general disposition of the Greenland Ice-Cap. Several expeditions have now 
made the complete crossing of the Inland Ice, and Lindsay’s party in 1934 
made a useful contribution in closing the 3000-metre contour on the eastern 
side, and adding one at 3100 metres within it.3 It is quite clear now that 
the greatest accumulation of ice, or at any rate that portion of the Inland Ice 
which stands at the highest elevation, lies approximately between latitudes 
66° and 74° N. Moreover this particular area of Greenland, with the highest 
stand of ice, is situated not in the centre of the country but towards the 
eastern border, and the neighbourhood of the greatest fjord systems of Franz 
Josef and Scoresby Sound. Furthermore, Wegener’s expedition demon- 
strated that it is probably about 7000 to 8000 feet in thickness.4 


' G. Thorsen, 1934, op. cit., p. 7. 

2 Thorsen, tdem, p. 8. 

} Martin Lindsay, 1935. 

4 Ernst Sorge, Geogr. J. 81 (1933) 344. It should be stated that the above figure, 
on account of various factors, is open to doubt, and there is a possibility of the ice- 
thickness being considerably less. 
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Now there can be little doubt that during the Pleistocene period and even 
later this culmination of the Inland Ice was expanded to a degree commen- 
surate with the widespread evidence of advance in the coastal districts. And 
in its outward flow eastwards through the coastal ranges of Christian IX 
Land, the swollen ice-flood from the neighbouring glacial culmination would, 
other conditions being favourable, subject all available channels to vigorous 
and enhanced erosion. Is it not therefore a significant coincidence, and not 
mere chance, that these excessively over-deepened trenches of Scoresby 
Sound and Franz Josef Fjord should lie along the flank of the expanded 
ice-culmination of Greenland? May we not reasonably suppose—and all the 
evidence seems to support the thesis—that through these already established 
channels the inland and expanded reservoir of ice had its easiest outlets to 
the Atlantic, and in its confluent passage was responsible for the remarkable 
over-deepening in certain of the fjords that has been recently observed? 


Stand of the coastal strip during occupancy by ice and later 


As Bretz has related, there is abundant evidence in the Franz Josef Fjord 
region of elevated shore-lines, deltas, and other features indicating the higher 
stand of marine waters in former times." Ample though the evidence is, it 
is fragmentary and has been built up apparently in interrupted fashion, so 
that it is impossible at present to say whether differential uplift took place, 
or alternatively a regular rise of the land as a whole. Bretz’s “preferred con- 
clusion is that East Greenland has risen pari passu with the waning of the 
ice; isostatically, if that concept can be applied to such movement; that the 
uplift has been essentially continuous; and that no evidence yet collected 
points to any deformation during uplift.” = The highest stand of the sea, 
from unequivocal evidence collected from several localities, seems to be not 
more than 310 feet. With such an insignificant increase in depth of the waters 
of the fjords, there would of course be no possibility at any time of the glacier- 
tongues from the expanded Inland Ice being afloat in the fjord channels, and 
hence erosion therein would proceed throughout the period of their occupa- 
tion by ice. This point is stressed, since it is sometimes incorrectly assumed, 
as Nansen indeed has pointed out,} that the erosive power of a glacier is 
reduced by partial submergence in the sea even though it still be resting on 
the bottom. If the depth of water be insufficient to float it, the only possible 
reduction in the glacier’s erosive power will arise from the slowing down of 
its motion by the mass of water to be displaced. 

As far, then, as the emergent belt of North-East Greenland is concerned 
the available evidence suggests that land-ice has contributed its quota 
towards the total erosion wrought in this strip right out as far as the coastal 
margin itself, while glacier-tongues by their occupancy of the present fjord- 
troughs have tended to emphasize them correspondingly even to their 
debouchures in the sea. It would seem that only at the stage of maximum 
ice-inundation, when the inland ice enveloped entirely or almost entirely 
all features right up to the coast-line, would there be no tendency to further 


' Bretz, op. cit., p. 204. 
? Idem, p. 220. 
3 Nansen, op. cit., p. 23. 
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deepen fjords and cirques, but rather to preserve such sculptured features 
until the partial withdrawal of the inland ice-sheet, when emergence, and 
thereby the provision of fresh abrading material, would recommence the 
sculpturing of these features. 


Cirque and cwm erosion 

The characteristic features of mountain glaciation, the cirque or the cwm 
(or corrie), have been discussed so widely, and particularly the matter of their 
formation, that the conditions of their occurrence in the Arctic would seem 
to be of special importance in any consideration of their origin. 

The significance of the word “cirque” does not always appear from the 
literature to be consistent, Penck himself pointing out that two forms of 
cirque can be distinguished, namely, those present in valleys as “trough’s 
ends,” and those high up on slopes as corries (or cwms).' To avoid confusion 
and misunderstanding, it would seem advisable to the writer to restrict the 
word cwm (or corrie) to the individual high mountain valley so well recog- 
nized now by others than British geographers alone, and apply the term 
“cirque” to the larger, often composite, feature which is so characteristic of 
the great alpine ranges of the world. In this sense the cirque includes and 
combines a number of cwms (or corries), lying high beneath its steep retaining 
wall, all of which drain into the one mountain basin. Such an usage for the 
term cirque, it may be added, is consistent with that in common amongst 
mountaineers. In the event however of objection to such a ruling, on the 
grounds of customary indiscriminate use of these terms, an alternative 
suggestion of adjectival qualification of the words is put forward, namely, 
simple- and compound-cwm, or -corrie, or -cirque. 

Mention has earlier been made of the widespread evidence in eastern 
Greenland of an accordant level of mountain summits, as well as the plateau- 
like character of extensive upland tracts. From the valley bottoms and the 
level of the fjords the existence of a plateau, or portions of a plateau, is 
strongly borne in on one. Bretz emphasizes it and concludes that cirques are 
mainly absent, while tributary glaciers descend chiefly from highland ice- 
fields.* The present writer was able however to gain access to much of the 
highland area, and make the ascent of some of the higher peaks in various 
parts of the regionvisited. It was noticed that while a great deal of the middle 
portion of the area, particularly Ymer Island and Andrée Land as well as 
parts of Suess Land, is of undulating plateau with glaciers spilling over the 
borders, the higher mountain land of Fraenkel Peninsula, Goodenough Land, 
and Miss Boyd Land has acquired a condition of considerable glacial dis- 
section by cirque cutting. Finely moulded cirques and individual cwms are 
as widespread throughout the western mountain zone as in any typically 
alpine range. What however characterizes these features of North-East 
Greenland are the ample glaciers nearly always present in them, which in 
many cases fill them almost to the brim. While the head-wall is sometimes 


t Albrecht Penck, op. cit., p. 16. J. W. Gregory also, in “Corries, with special 
reference to the Campsie Fells,’’ Trans. Geol. Soc. Glasgow, XV, Pt. I, No. VIII, 
1912-13, refers to this varying usage of the term ‘‘cirque”’ in relation to corrie (Scots), 
or cwm (Welsh). 

* Bretz, op. cit., p. 203. 
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deepen fjords and cirques, but rather to preserve such sculptured features 
until the partial withdrawal of the inland ice-sheet, when emergence, and 
thereby the provision of fresh abrading material, would recommence the 
sculpturing of these features. 


Cirque and cwm erosion 


The characteristic features of mountain glaciation, the cirque or the cwm 
(or corrie), have been discussed so widely, and particularly the matter of their 
formation, that the conditions of their occurrence in the Arctic would seem 
to be of special importance in any consideration of their origin. 

The significance of the word “cirque” does not always appear from the 
literature to be consistent, Penck himself pointing out that two forms of 
cirque can be distinguished, namely, those present in valleys as “‘trough’s 
ends,” and those high up on slopes as corries (or cwms).' To avoid confusion 
and misunderstanding, it would seem advisable to the writer to restrict the 
word cwm (or corrie) to the individual high mountain valley so well recog- 
nized now by others than British geographers alone, and apply the term 
“cirque” to the larger, often composite, feature which is so characteristic of 
the great alpine ranges of the world. In this sense the cirque includes and 
combines a number of cwms (or corries), lying high beneath its steep retaining 
wall, all of which drain into the one mountain basin. Such an usage for the 
term cirque, it may be added, is consistent with that in common amongst 
mountaineers. In the event however of objection to such a ruling, on the 
grounds of customary indiscriminate use of these terms, an alternative 
suggestion of adjectival qualification of the words is put forward, namely, 
simple- and compound-cwm, or -corrie, or -cirque. 

Mention has earlier been made of the widespread evidence in eastern 
Greenland of an accordant level of mountain summits, as well as the plateau- 
like character of extensive upland tracts. From the valley bottoms and the 
level of the fjords the existence of a plateau, or portions of a plateau, is 
strongly borne in on one. Bretz emphasizes it and concludes that cirques are 
mainly absent, while tributary glaciers descend chiefly from highland ice- 
fields. The present writer was able however to gain access to much of the 
highland area, and make the ascent of some of the higher peaks in various 
parts of the regionvisited. It was noticed that while a great deal of the middle 
portion of the area, particularly Ymer Island and Andrée Land as well as 
parts of Suess Land, is of undulating plateau with glaciers spilling over the 
borders, the higher mountain land of Fraenkel Peninsula, Goodenough Land, 
and Miss Boyd Land has acquired a condition of considerable glacial dis- 
section by cirque cutting. Finely moulded cirques and individual cwms are 
as widespread throughout the western mountain zone as in any typically 
alpine range. What however characterizes these features of North-East 
Greenland are the ample glaciers nearly always present in them, which in 
many cases fill them almost to the brim. While the head-wall is sometimes 


t Albrecht Penck, op. cit., p. 16. J. W. Gregory also, in “Corries, with special 
reference to the Campsie Fells,’’ Trans. Geol. Soc. Glasgow, XV, Pt. I, No. VIII, 
1912-13, refers to this varying usage of the term ‘‘cirque” in relation to corrie (Scots), 
or cwm (Welsh). 

2 Bretz, op. cit., p. 203. 


Teufelsschloss from the north-east 


View south-west from summit of Mount Gog, showing emerging cwms and 
cirques, and the distant Inland Ice Cap 


Erratic-strewn summit of Teufelsschloss and accordant summits of Suess Land 
4 


Gunnar Andersson Peninsula. Arctic arid weathering and rock-slide glaciers 


Soil-polygons and frost-heaving on summit of Giesecke Mountains. Ladder 
Mountain in background 


Cirkus Mountain, with summit-cwm, and Mount Sederholm 
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all but buried, at other times the occupying glacier has sufficiently receded to 
expose a greater or less extent of the rock-amphitheatre. And what the writer 
wishes especially to emphasize is the marked absence under these conditions 
of any bergschrund or randkluft. The cirques and cwms of these mountains, 
as of others the writer has visited in Spitsbergen, Northern Labrador, and 
elsewhere, have been eroded, or are being eroded, without the agency of that 
much over-stressed feature, the bergschrund. 

It seems to be but little realized even yet that Willard D. Johnson, the well- 
known part-originator of the “‘bergschrund hypothesis,” which was tenta- 
tively put forward as an explanation of the plucking-mechanism in cwms and 
cirques, later realized that it rested on too slender a basis and was quite 
insufficient to explain all that had been desired of it. Moreover, the observa- 
tions during the War beneath Alpine glaciers, referred to above, demon- 
strated quite clearly and definitely the exaggerated importance, if not in 
most cases the incorrect function, assigned to the bergschrund as being the 
actual locus of sapping at the foot of the cwm wall to cause its recession. 
Apart from fresh and detailed evidence, in the walls of the natural fissures 
found, or the excavations made, as to the processes of deposition of the firn 
material and its subsequent movements in the general framework of the 
glacier, the principal discoveries made by the Austrians relate to the surpris- 
ing stability of the cleft of the bergschrund itself. The basal firn layers were 
intimately intergrown with the rock-floor, and no splitting action of the latter 
found to be in progress, as demanded by the bergschrund hypothesis. 
Moreover there were no traces of the rock-surface serving as a plane of move- 
ment on which striae could leave their mark. In addition, and what perhaps 
is of greatest significance, most bergschrunds contained a series of ice-floors 
(Béden), extending at intervals from wall to wall, that entirely cut off all 
circulation downward of warm air (as rather anomalously postulated by the 
bergschrund hypothesis),? or percolation of melt-water, to effect by freeze 
and thaw the flaking off of the rock-floor (see Fig. 3). These were perhaps 
the outstanding discoveries of a glacio-geological nature, but the original 
paper by Klebelsberg should be consulted for the further interesting and 
significant finds made. 

From observations which the writer has made in many glaciers in the 
mountains of the Temperate Zone, as well as the Arctic, he is convinced that 
all evidence confirms the view that the cwm-walls themselves recede by the 
shattering action of freeze and thaw upon them, as Cole, E. Richter, and 
others have for long maintained.3 The supposed stumbling-block of this 

1'The present writer has understood from Mr. Frangois Matthes, of the U.S. 
Geological Survey, that the latter has in his possession a letter from Johnson admitting 


the inadequacy of the bergschrund hypothesis. See also J. Bowman, “The Andes of 
Southern Peru,’ p. 296. 

2 Johnson’s ‘‘bergschrund hypothesis,”’ as enunciated, depended upon the critical 
condition of diurnal alternation of the air temperature on either side of the freezing- 
point. Such a supposed condition of warm air sinking to replace cold air in the bergs- 
chrund seems difficult of realization under ordinary circumstances. 

3 For further discussion of various theories of corrie (=cwm) formation, see J. W. 
Gregory, op. cit., p. 89; and “The nature and origin of fiords,’ pp. 421 et seq. Also 
E. J. Garwood, 1932, ‘Speculation and research in Alpine glaciology.’ QO. 7. Geol. 
Soc. 88. 
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“‘mcteoric’”’ theory (so called by Gregory) has been that frost action, taking 
place above the névé and snow-level only, would lead to the formation of a 
notch at that level and the consequent inhibition of the process of cwm- 
deepening. Anyone who has observed the conditions near at hand, when 
climbing, for instance, upon the cwm-wall, will know that under normal 
summer conditions in mountains of the Temperate Zone there are consider- 
able quantities of melt-water which, resulting from thawing on the cwm-wall, 
percolate down the latter where it disappears behind the highest reaches of 
snow and névé: it does not and cannot stop at the uppermost limit of névé, and 
so localize frost action as to give effect to a ledge or notch, but continues 
downward and distributes that action on the wall far below. Where a mar- 
ginal crevasse (Randspalt or Randkluft) exists, separating, particularly in dry 


w... locus of percolating melt-water 


Bergschrund does not extend to rock floor _... ice-Boden, sealing off all circulation 
to floor of cwm, although bergschrund 
Types of Bergschrunds reaches the latter 


Fig. 3 


seasons, the moving névé from the cliff which overlooks it, one can observe 
without difficulty the descent of melt-water from above, and the resulting 
splitting of the lowermost portion of the cwm-wall by the process of freeze and 
thaw (see Fig. 4). The actual bergschrund, or other schrunds of the névé mass, 
where present, are in numerous cases which have been observed not well 
placed to receive such melt-water and conduct it to the floor of the cwm, as 
has so often been mistakenly supposed is their important function. Not only 
do the greater number of bergschrunds which have been intimately examined 
not extend to the cwm-floor, but where they penetrate down to considerable 
depth their continuity is interrupted by the presence of ice partitions (Béden), 
often in several tiers one above the other, which effectively prevent the sup- 
posed temperature changes in the bergschrund as well as the percolation 
downwards of melt-water beyond 20 to 25 feet in some cases.‘ In the rarer 


' Ante, R. Klebelsberg, 1920. 
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cases in temperate mountain ranges where bergschrunds are open to the 
bottom, there is no evidence, as already cited, of concentrated frost-splitting 
at their foot: the latter is distributed over the whole of the back-wall of the 
cwm behind the upper reaches of névé. In this connection it is of interest 
to compare the observations of Frangois Matthes in the Sierra Nevada, 
California, where he claims that mass corrasion by the contained névé would 
appear to be the dominant cirque-sculpturing process, while bergschrund- 
sapping, as T. C. Chamberlin and R. D. Salisbury have suggested, is merely 
a peripherally working auxiliary process." 

But even if it could be shown that in glaciers of the Temperate Zone 
bergschrunds in some instances play a part in the economy of cwm and cirque 
formation, no such claim can be put forward in the case of polar glaciers. As 
mentioned above bergschrunds are in the writer’s experience conspicuous by 


Fig. 4 


their absence from by far the greater number of glaciers in Spitsbergen and 
in North-East Greenland. Schrunds of various sizes may be seen in some 
névé basins, but almost invariably they are choked with snow, and represent 
nothing more than tension-cracks formed by the downward movement of the 
névé mass: they can play no réle such as that postulated by the bergschrund 
hypothesis. Yet the cliffs of such basins are in the summer being frost- 
fretted and are therefore receding, the downward and outward moving névé 
carrying away the falling débris from time to time showered upon it. But 
further than this, the débris riven from the cwm-walls, and particularly that 
beneath the névé at the base of the latter which is split off by percolating 
melt-waters, becomes incorporated in the basal layers of the névé mass, and 
so provides the necessary abrasive or scoring-tools, according to its size, to 

1 F, E. Matthes, 1915, ‘Studies on glacial cirques in the Sierra Nevada,’ Journ. 
Wash. Acad. Sci. 5, 254. 
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sculpture and develop the floors of cwms and cirques. Such is the process that 
is to be seen in operation in many of the cwm-glaciers of North-East Green- 
land at the present day. 


Period of formation of cwms and cirques 


In a large number of cases however especially in the mountains, such as the 
Petermann range, that lie along the borders of the Inland Ice (and attain an 
altitude in the case of Petermann Peak itself of 9650 feet), it would seem that 
many of the cirques could not have reached their present stage of develop- 
ment in the relatively short interval that has elapsed since their complete 
inundation by the continental ice-sheet. Large cwms and cirques are to be 
seen in the flanks of these mountains that could never have been sculptured 
in the locally brief period of deglacierization, namely, the receding hemicycle 
of continental glacierization. These features, then, must have been initiated, 
and developed in part, during the advancing hemicycle, and later have been 
buried during the period of the maximum stage of continental glacierization, 
when the ice-sheet advanced to the coast. Such a thesis, which on general 
grounds has been postulated earlier, is by no means novel, though it may 
be objected to by the extreme school of glacial erosionists, who visualize 
all major relief beneath an advancing continental ice-sheet as reduced to a 
minimum. For the latter to be effectively accomplished there must clearly be 
an optimum of unusually favourable circumstances and an immensely long, 
and strong, advance of the ice-sheet. That such has not been the case in many 
instances of terrain subjected to Pleistocene glacierization, which have so far 
been examined, is borne out by studies in Antarctica, in North America, and 
elsewhere. Wright and Priestley bore witness to the preservation of cwms 
beneath an ice-sheet in the Antarctic by the following words: ‘“‘the cwms of 
the advancing ice age remain intact and, to a great extent, unmodified, beneath 
the continental ice. The recession of the latter in the later stages of the glacial 
epoch once more uncovers them to form the parents of the greater cwms of 
the future.” * In the White Mountains of New Hampshire and on Katahdin 
in Maine there is ample evidence that cirques were formed prior to the onset 
of the (last) Wisconsin ice-sheet, which submerged them but did not greatly 
modify them. Moreover in the Torngat Mountains of Northern Labrador 
the present writer found similar evidence of cwms and cirques being spared 
destruction though later overridden by the continental ice.3 It was of con- 
siderable interest therefore to find in the mountains bordering the Inland Ice 
of North-East Greenland parallel and indisputable evidence of this significant 
phenomenon of the preservation of characteristic features of mountain 
glaciation during submergence by the expanded continental ice. 
Morphology of the eastern area 


In contrast to the western mountain area there is, as mentioned above, a 
considerable extent of country immediately to the eastward, in parts of Andrée 
Land, Suess Land, and Ymer Island, which exhibits plateaux, averaging 


' Wright and Priestley, op. cit., p. 150. 

? Ernst Autevs, 1932, ‘Alpine Zone of Mt. Washington Range,’ chap. IT, which 
quotes work of Professor J. W. Goldthwaite and others on this question. 

3N. E. Odell, Geogr. J. 82 (1933) 209. 
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about 3000 feet in elevation, with but little cirque development. It is 
essentially a country underlain by sedimentary strata, much of which lies 
horizontal or nearly so, and ever since the retreat westward of the continental 
ice it has remained covered and protected in many of its individual sections 
by névé or highland ice. It would seem clearly to be to this fairly regular 
flat-lying attitude of the strata that its plateau-like character is due. Else- 
where to the westward, and in particular in the belt of crystalline and older 
rocks, whose attitude is often steep and their hardness variable, there is 
much less tendency to form plateaux of any extent. In this connection may 
be mentioned the occurrence in this eastern area of extensive ice-free tracts 
adjacent to others with ice covering. Since the former seem in many cases 
to be those underlain by younger sedimentary formations of sandstones, 
shales, or gravels, while the latter consist of the older crystalline rocks, it has 
been supposed by some that the former have a greater capacity to receive and 
retain the available heat, thereby dissipating their ice covering. Such an 
explanation however has been shown by Professor Otto Nordenskiéld and 
Professor Vegard to be inadequate and untenable.' It is only along the 
borders of the plateaux that there is evidence in places of cwms, which now 
and then are filled with small glaciers, and at times have a “hanging” relation- 
ship to the main valley or the fjord. Mostly one observes distributary glaciers 
of all sizes descending steeply from the highland ice, and occupying either 
mere gullies or valleys which they themselves have notched in the high 
uplands. Here and there along the edges of the plateaux, particularly where 
the highland ice has shrunk back somewhat, can be seen long grooves and 
gullies by which water is draining from the lingering winter snow above. 
Commenced by ordinary stream action in the warmth of summer, such water- 
channels under the operation of frost-weathering and snow-slide later 
become emphasized into ravines and valleys, and may in some cases become 
widened out into cwms. These ravines are the counterpart of the so-called 
rasskars of many of the Norwegian fjords, as described by Ahlmann, who 
has pointed out that their frequent ‘‘hanging”’ relationship to the main fjord 
valley is not a secondary but a primary phenomenon: i.e. that they cannot be 
considered as due to the glacial overdeepening of the fjord, but rather to 
localized atmospheric weathering and rock-fall or soil-slide.? In addition, 
there is at places to be seen the typical arid kind of weathering, with denuda- 
tion grooves at fairly regular intervals along the border of the plateau. 
Excellent examples of this are to be found around the head of King Oscar 
Fjord and along the north coast of Gunnar Andersson Peninsula. 

On the south side of the inner bend of Muskox Fjord, in a mountain 
named by Professor H. G. Backlund “ Karboncirkus Berget,” is a magnificent 
example, with northerly aspect, of a summit cwm.3 This otherwise well- 
named mountain has been shown more recently by Siave-Séderbergh to be 


* Otto Nordenskidld, op. cit., pp. 36, 37. 

? Hans W. von Ahlmann, 1919, ‘‘Geomorphological studies in Norway,” Geograf. 
Ann., Band I, p. 124. 

3 Helge G. Backlund, 1932, “‘Das Alter des metamorphen Komplexes von Fr. 
Josef Fjord,’’ Medd. om Gronland, 87, Nr. 4, Jafel 2. Cirkus is Swedish for cirque 

botn in Norwegian. 
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formed not of Carboniferous rocks, but entirely of Devonian sandstones and 
marls; and he refers to it more appropriately simply as Cirkus Mountain." 
The summit-cwm is conspicuous by its perfection of form, and mountains 
in its neighbourhood have no such outstanding features, as seen from the 
fjord, that can be attributed unequivocally to the processes of cwm-sculpture. 
Glacier-cwms however have since been discovered on its other faces, where 
waning glaciers are also to be found. The summit-cwm of Cirkus Mountain 
is abandoned by all save a shrunken névé or snow-mass, and running water 
has entrenched its outlet deep into the mountain-side. This crater-like cwm 
is paralleled by many on the north-western coast of Norway, where their 
significance was emphasized by Professor T. C. Chamberlin and his son as 
indicative of the excessive precipitation and accumulation on the lee side of 
the summits relative to the windward face, and of the ascendancy of the pro- 
cesses of glacial sculpture over ordinary meteoric processes.2 Ahlmann’s 
comprehensive work, with special attention, regarding this subject, to the 
Lofoten Islands, where are probably developed the most spectacular cwms 
and cirques in the world, has demonstrated undeniably the powerful agency 
of glaciation for their formation, and for the development of their sculpture 
during the whole of the period of the last glacial advance.3 The latter, unlike 
the previous advance, seems not to have submerged all the peaks of North- 
West Norway and the Lofoten Islands. May we not very likely see, then, in 
the summit-cwm of Cirkus Mountain, not only the incidence of local pre- 
cipitation and its glacial effect under more rigorous climatic conditions, but 
a probable indication of the former extent of the continental ice-sheet, or of 
its last extension, if there were more than one? 

The smoother lines and gentler slopes of the mountains of the eastern area, 
whether underlain by the younger sedimentary rocks or by basalts, which are 
widespread along the coast, might at first be considered as indicative of the 
absence of the effects of earlier general or local glaciation. In the Giesecke 
Mountains no certain evidence of erratic material was seen by the writer 
above 1170 feet, while on the hills of Hold-with-Hope, at the coast itself, 
none was found by Bretz higher than 1925 feet. While such a distribution 
of travelled blocks bespeaks general glaciation, at some stage, right up to the 
present coast-line, the hills themselves, with their usually modest contour, 
do not show it. Absence mostly of sure evidence of cirques and cwms also 
suggests that local mountain glaciation has been inoperative in the coastal 
districts.s Owing however to the softer and more easily destructible rocks by 
which these districts are underlain, there can be no doubt that disintegration 
of the surface and widespread modification of contour have taken place on a 
vast scale. Frost action and solifluction on the scale on which they occur in 
the Arctic are major agencies of erosion, and in all the districts around Foster 


1G. Save-Séderbergh, 1934, “Further contributions to the Devonian stratigraphy 
of East Greenland,’’ Medd. om Gronland, 96, Nr. 2, Pl. 9. 

C. and R. T. Chamberlin, 1911, ‘Certain phases of glacial erosion,” Journ. 
Geol., 19, p. 203. 

3 Hans W. von Ahlmann, 1919, op. cit., p. 237; see Fig. 90 for a particularly fine 
example of a crater-cwm on Hadselé. 

4 Bretz, op. cit., pp. 161, 222. 

5 [hid., p. 161. 
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Bay are to be seen impressive examples of the gravitation downward, in semi- 
viscous soil-flow, of immense sheets of material.t On the broad summits and 
brows of the hills can be seen frost-heaved blocks of all sizes, as well as the 
characteristic ‘‘polygonal soils,”’ although in the case of the basaltic areas the 
latter were less in evidence owing to rock-jointing carrying off the moisture 
and thereby preventing the necessary sorting of material. Where sorting was 
in evidence there was sometimes to be seen, not the more usual tendency to 
form circular or polygonal structures, but long curved grooves or gutters 
where coarser material was concentrated at the expense of finer, such being 
situated usually on nearly level ground, sometimes branched, and often 
abruptly terminated after running 20 to 25 feet; this unusual variety of 
the phenomenon was seen on the basaltic hills north of Mackenzie Bay, as 
well as previously on similar formation during our short visit to the island of 
Jan Mayen on the outward voyage. 

With such widespread modification by frost action it is more than likely 
that in the long interval since the retreat inland of the continental ice-sheet, 
the effect of that action has been to obliterate nearly all evidence, such as 
cirques and cwms, of the episode of local mountain glaciation that followed 
the general one. Only here and there, where position or structure is favour- 
able, as in Cirkus Mountain and its neighbourhood, and in one or two places 
in the Giesecke Mountains, and other coastwise ranges, have such relics of 
glaciation, or relict glaciers themselves, been preserved intact. In the 
prolonged welter of destruction by atmospheric weathering that followed 
entire, or almost entire, inundation by the Inland Ice sheet, it is often a matter 
of considerable difficulty to differentiate between the relics that were initiated 
by local ice and features that are due solely to processes of stream action 
and arctic weathering. 


Conclusions 


The coastal mountain belt of North-East Greenland, which has been un- 
covered from the Continental Ice Sheet, affords ample evidence of the once 
considerable depth of ice-cover over it. Glaciated rock surfaces and erratic 
blocks are to be found on mountains over 4000 fect in elevation as far as 40 or 
50 miles from the present border of the Inland Ice. Since the retreat of the 
latter a cycle of mountain glaciation has impressed its effects upon the ranges, 
but it is important to observe that there is evidence also of at least one such 
hemi-cycle that was operative prior to the last advance of the Inland Ice. 
This is principally shown by cwms (corries) and cirques now to be seen 
emerging along the borders of the Continental Ice Sheet. 

The cwm and cirque formation has been discussed, and the so-called 
bergschrund hypothesis shown to rest on an inadequate and indeed a false 
foundation. Cwm- and cirque-cutting is found to be proceeding at the 
present day in the complete absence of bergschrunds. 

The pattern of the fjords, as has been postulated by other observers, 
suggests an origin due to a partially structurally controlled river system, but 
it has undoubtedly been emphasized and extended at certain appropriate 
stands of the Ice Sheet. 


' Ibid., see Fig. 252, and other examples of solifluction by Bretz. 
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The question of the great deeps of the fjords has been discussed, and 
evidence adduced that they are situated downstream from points of con- 
vergence of former glacier-filled trenches, where the mass and momentum 
of the ice would imply optimum powers of erosion. 

Other than where it has been concentrated in these fjord trenches, there is 
no evidence for deep erosion of the terrain in general by continental ice. In 
the absence of data for the presence of any considerable quantity of morainic 
material along the littoral, such extent of débris, often mixed with moraine, as 
occurs in the coastal tract is to be attributed to the powerful atmospheric 
processes of weathering and rock splitting, which are such a widespread 
sculptural feature of the Arctic. 


In conclusion I should like to express my thanks to the Society for the kind 
loan of instruments for use on the expedition during which the above 
investigations were made. 


DISCUSSION 


Before the paper the PRESIDENT (Professor HENRY BALFouR) said: I do not 
think I need introduce Mr. Odell to you. He is very well known not only as a 
brilliant climber but also as a student of glacial conditions. I will therefore not 
waste time, but ask Mr. Odell to proceed with his paper forthwith. 


Mr. Odell then gave a summary of the paper printed above, and a discussion 
followed. 

The PresipENT: Mr. Odell has given us only a sketch of the work which he 
has carried out in North-East Greenland, but I have no doubt that his sketch 
will provoke discussion and that there may be questions which some here would 
like to ask. Perhaps Dr. Longstaff will be so good as to open the discussion. 

Dr. T. G. LoncstaFF: We have listened to a very interesting discourse. It 
has been a great delight to me, for I see in the lecturer a convert. It is extra- 
ordinary the way in which the old extreme ideas of the excavatory powers of 
glaciers have persisted, especially in America. Mr. Odell, who has seen so 
many glaciers in so many parts of the world, suggests that their excavatory 
powers have been grossly exaggerated. He showed diagrams illustrating the 
relation of ice and rock at the bergschrund, at the commencement of the glacier. 
Some of the classical authorities claim that the excavatory power of a glacier is 
greatest at the bergschrund, at the head of the glacier, where the glacier begins. 
Others maintain that the greatest excavating power of a glacier is where it ends 
or dies; that the snout of the ancient Rhéne glacier excavated the Lake of 
Geneva. The latter is what I call the marmot theory. The marmot was believed, 
as it died, to burrow into the ground. So it has been said of glaciers that when 
they reach their lowest point, where their action and thickness is least, they, 
for some reason or other, start burrowing into the ground and excavate lake 
beds. That idea is surely untenable. I am glad Mr. Odell is a convert not, shall 
I say, to the anarchist but at least to the moderate view. 

The photographs he showed of the dry valley formerly filled with glaciers, 
the Gregory Valley, were instructive. We noticed coming down on the right- 
hand side of the mountain two of those steeply descending glaciers which he 
spoke of as over-flow glaciers. Both those glaciers were standing up on the 
surface; they had not cut trenches or excavated valleys for themselves. I have 
seen the same thing in the Karakoram and in Baffin Land. I do not say a glacier 
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never excavates, but there we saw relics of a former ice extension whose action 
and mass must in the past have been much greater than now. Those relics are 
like the fingers of one’s hand laid upon the valley side; they are sliding down the 
valley and have not excavated deep side or secondary valleys, as they would 
have done if the excavatory action of ice had been anything like as great as it 
has generally been claimed to be. 

Apropos of what Mr. Odell has said with regard to depths of the fjords in 
different regions, again I have some doubt as to how much that can be attributed 
to ice. There is a paper by Dr. Sandford on the fjord system of Northern 
Spitsbergen, where Mr. Odell and I have been together, which, I think, demon- 
strates that the fjords were there before the ice. If they were, it is rather putting 
the cart before the horse to claim that they are formed by glacial action, but that 
is the idea prevalent amongst the authorities even to-day. I am very grateful 
to Mr. Odell for declaring himself as one of the school that looks upon the ice 
covering more as a protective agent, as a conservative agent, than as necessarily 
a destructive excavating agent. He follows in the train of Whymper, Freshfield, 
and Garwood, a goodly company. 

Dr. K.S. SANDForRD: I think, with Dr. Longstaff, that all of us have thoroughly 
enjoyed the paper. It is full of interesting observations, and of course, as Mr. 
Odell has said, there is a good deal that is open to debate. I was particularly 
pleased to hear him bring to light again the term “‘glacierization”’ as distinct from 
the term “‘glaciation.”? The former word was introduced by C. S. Wright and 
R. E. Priestley, but for some reason it found disfavour in England. That it 
has passed unused all these years is a great pity. I hope, now that Mr. Odell 
has brought it to life again, that we shall use the word. 

As to the question of fjords, I think it was particularly happy that the valley 
to which Mr. Odell has referred was called the Gregory Valley. Professor 
Gregory would have been in his element here this afternoon. It is a very old 
battle and one fought with particular energy in the past, and an indecisive one. 
Some of us admittedly think that these fjords follow tectonic patterns, that they 
follow faults. Some go further and think that the fjord itself is due to faulting, 
or combined faulting. Yet another school thinks that ice alone is responsible, 
having found a good route and gouged it out. Mr. Odell has pointed out clearly 
that, on the whole, there is very little moraine to support the idea that the ice 
has had much to do with erosion. All the same, there are these immensely deep 
troughs, and some experts like Professor Ahlmann are profound believers in 
over-deepening by glacial erosion. We cannot pretend that the problem is 
solved. In listening to what Mr. Odell has said this afternoon, I had the impres- 
sion that, as Dr. Longstaff has said, the fjord was there in some shape or form 
before the ice. If we look at the pattern of some of the fjords it is difficult to 
believe that the ice has followed old river valleys, as we might suppose in the 
Alps and elsewhere. How could rivers have worked out such patterns? We 
seem to be driven back to the idea that they were lines of erosion, some of them 
faults, which the ice has followed. 

It is interesting to hear Mr. Odell emphasize the idea of the glaciers being 
frozen to their floors, a thing with which those who work in the Alps are not 
familiar, but which has been brought into prominence in high latitudes in the 
last few years. If we look at some of the glaciers we realize they could not stay 
as they are unless frozen to the ground: they are much steeper than adjacent 
rock-screes. Presumably therefore they only move in their lower-middle and 
upper layers. 

I should like to thank Mr. Odell and congratulate him on an extremely 
interesting paper. 
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Mr. L. R. Wacer: Mr. Odell has given us an exceedingly fine account of 
his observations in North-East Greenland. He is wise to refrain from specu- 
lating too much on several of the matters which are concerned with glacier 
action. Nevertheless, one is always tempted to wonder whether glaciers have 
not a considerable power of erosion. Mr. Odell and Dr. Longstaff both suggest 
that, on the whole, glaciers have little power to cut out the valleys in which we 
see them flowing. Mr. Odell showed one photograph which was extremely 
interesting—a cap of ice resting on a flat-topped mountain, and he pointed out, 
I think quite rightly, that the ice is there protecting the upper part of the moun- 
tain from erosion. Most observers would probably agree that in such cases the 
ice is acting as a protective agent. On the other hand, the great streams of ice 
which form the glaciers are moving down the valleys at a considerable rate. 
I believe that some of the East Greenland glaciers move several miles in the 
course of a year, and rock is present in the bottoms of the glaciers to act as an 
abrasive. The extent of glacial erosion is however exceedingly difficult to 
decide, because the result of erosion by ice is not very different from that of 
erosion by water. Gravity of course is the chief factor in both cases, and it 
is only detailed observations which can distinguish between the two. Mr. 
Odell has given in the slides he has shown and in the remarks he has made many 
facts which should contribute towards a decision on this interesting question. 
I too should like to congratulate him on the extremely attractive paper he has 
given us. 

Mr. MIcHAEL SPENDER: I do not think I have anything I can add to the 
discussion. I have enjoyed seeing the pictures of East Greenland, a country 
for which I have much affection. I have been a little puzzled by the vertical 
frozen glacier and have asked myself what it could possibly mean. It seems to 
me it could only mean that the velocity of the lower layers of the glacier were 
actually zero and that the ice instead of moving over rock lubricated by water 
moves over the Scherfldchen of the glacier itself. This in the limit would not 
prevent the so-called frozen glacier from being appreciably different from any 
other glacier. 

Dr. LoEweE: I should like to make one comment as to the frozen glaciers. In 
the ordinary alpine glacier, which is at melting-point throughout, of the two 
possible types of motion, shearing and fluidity, fluid motion seems to prevail. 
Arctic glaciers, if sufficiently shallow and slow-moving, will be frozen to the 
ground as their temperature depends only on the mean surface temperature, 
the heat conductivity of ice, the heat of internal and external friction, and the 
heat current from the rock below. The fluidity of ice decreases strongly with 
falling temperature, and shearing will play a relatively greater part. ‘Thus the 
upper layers in steep arctic glaciers will glide over the slowly moving or unmoved 
ground layers along shearing planes. ‘This movement produces many of the 
very conspicuous discontinuities which are visible in arctic glacier fronts. 
The motion of the ground layers is small compared with that of the upper 
layers; in the steepest parts of the glacier the bottom layers may sometimes be 
torn off the ground and glide down with the main mass of the glacier, often in 
the form of ice avalanches. 

There is another point I should like to stress. The lecturer gave us much 
interesting detail regarding diluvial conditions in East Greenland. But we 
know very little about the time between the first overrunning of the coastal 
regions by the diluvial ice and the beginning of the retreat of the ice to to-day’s 
extent. It would be interesting to collect evidence in West as well as East 
Greenland regarding such questions as: how many glaciations there have been, 
what eventually their relative extension was, and what conditions prevailed 
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in interdiluvial times. This would also have its importance for the history of 
plant and animal life in Greenland. I think that, in some places at least, a 
well-trained observer might obtain very useful results, to be linked with the 
better-known diluvial history of the regions to the south-east and south-west 
of Greenland. 

Much of what has been shown on the screen has brought back to my memory 
what I have myself seen in West Greenland, where in certain parts the land- 
scape is not less grand than in Franz Joseph Fjord; and I congratulate the 
lecturer whole-heartedly on his interesting results and on his visit to such 
beautiful country. 

Mr. J. Wricut: I should like to add one word about the frozen glaciers. I 
think Professor Ahlmann first made the distinction between arctic and 
temperate glaciers. It seems to me unlikely that these glaciers are really 
frozen in the sense which he has given to the word, that is to say, that its tem- 
perature is some degrees below freezing-point. Judging from the results we 
brought back from Spitsbergen, it seems that glaciers are not so easily frozen. 
Whereas Professor Ahlmann thought the North-East Land ice caps would 
be frozen to a depth of 100 metres, we found that only something like 10 metres 
was frozen in the depth of winter. In what appears to be a slightly warmer 
region it seems to me that the glaciers are not likely to be frozen in the sense 
that he has defined it. I should like to ask to what extent Mr. Odell regards 
these glaciers as frozen. 

The PRESIDENT: Time has passed, and I should like to ask Mr. Odell if 
he wishes to make any reply to the various points raised. 

Mr. N. E. OpELL: I shall just briefly reply to some of the comments and 
criticisms. Dr. Longstaff puts me down right away as a glacial protectionist, 
but I fear I cannot regard myself as in that particular camp altogether. I 
am, to some extent, still in the opposite camp. I think it all depends upon the 
condition and the situation of the ice as to whether it is protecting or eroding 
country. Those who maintain that an ice cap, whatever its situation or 
position, is definitely eroding, seem to me not only unreasonable but almost 
inane. If a glacier or other ice-mass is moving, then it will begin to do work, 
provided however that it is armed in its basal layers with rock-abrasive. 

That brings me to Mr. Spender’s observation as to whether the lower 
layers of a frozen glacier move or not. Although there is ample evidence 
that these North-East Greenland glaciers are frozen throughout their mass, 
under certain conditions they definitely are moving right through to their 
lowest layers and carrying as they move débris which acts as a tool for eroding 
the bottom of the valleys. When carrying, as they do in some cases, ample 
material, it is then that erosion is taking place. In those cases, of which I 
gave illustrations, where steep glaciers are frozen to their rock floors, little or 
no erosion of the latter can be effected. 

Dr. Sandford spoke of the fjord formation. I should like to have made some 
further remarks on that particular matter. I think, although I did not emphasize 
it in my earlier remarks, that the fjord pattern of North-East Greenland is 
definitely based upon a pre-glacial plan. A pre-glacial drainage of some kind 
was no doubt established long before the onset of continental glacial con- 
ditions in the country. What we have had both before and since the maximum 
phase of the glacierization in that region is, with emergence of features, the 
effects of mountain glaciation, and the operation of it is due to the particular 
relationship of any stand of ice at any particular time to the topography. 

That brings me to Mr. Wager’s remarks. I did not say as much as I should 
have liked with regard to his own theory as to the actual fjord formation in 
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relation to the position of the ice cap on the plateau-like summits of South- 
East Greenland, which he has been studying so intimately in recent years. 
He suggests that during the shrinking back of the ice-cap in a warmer period 
rivers were established and a good deal of river erosion took place, which 
emphasized the trenches in which so many of the fjords lie. I think that 
actually it is unnecessary to suggest a shrinking back of the ice cap. I would 
lay emphasis, as I have done, on the fjord-trenches and the channels occupied 
by the great glaciers descending from the inland ice in relation to the actual 
rate at which the rock plateau has been upraised. In other words, if you give 
sufficient rejuvenation to those rivers or glaciers descending from that plateau 
you will get the requisite conditions and effects. 

Mr. Wright mentioned the Spitsbergen glaciers, and said there is evidence 
that they are not frozen throughout their mass. I daresay he is aware of it, 
but he may have forgotten that Professor Ahlmann, who has been making 
geophysical studies of glaciers in the Arctic, has placed the Spitsbergen 
glaciers in an intermediate position between the high-polar glaciers of which 
the examples in North-East Greenland are typical, and the glaciers of the 
Temperate Zone. The so-called sub-polar glaciers of Spitsbergen are definitely 
not frozen in many instances, as proved by investigation, to a greater depth 
than 10 to 20 metres from the surface. As to entirely frozen high-polar glaciers, 
there is ample evidence of various kinds. Perhaps the easiest come by is the 
fact that there is no melt-water, even in summer: no more than a mere trickle, 
which is surface water descending over the glacier snout and not actual melt- 
water from the basal layers of those glaciers. What is needed is a comparable 
investigation by other means to prove that these glaciers are frozen throughout 
their mass. But I think actually that there is sufficient circumstantial evidence 
that high-polar glaciers are frozen from the surface to their bottom layers. 
It is only under such suitable climatic conditions, possibly, that you get these 
immensely steep and cascading glaciers that do not fall to pieces or slide off 
in the positions in which they are found. They appear to exist also at very 
high altitudes, as I found in the Central Himalaya this summer. The inner 
walls of the Nanda Devi basin had a few small examples. 

With those few remarks I hope I may refer you for fuller description and 
explanation to the substance of my paper. 

The PRESIDENT: Mr. Odell has certainly provided us with food for thought 
and has raised an interesting discussion. We cannot judge of his views at all 
completely in the brief summary which he has given. We must await the 
publication of the paper in full before we can realize exactly what the problems 
are. 

I am sure you would wish to thank Mr. Odell very heartily for the work 
which he has done and for the communication he has made to us. Before I 
ask you to express your thanks to him I would like to refer to a recent achieve- 
ment of his, when he was one of the two conquerors of that great mountain 
peak Nanda Devi, an effort on which he and his colleagues are to be highly 
congratulated. I take this opportunity of offering him our congratulations, 
and I ask you to express your thanks to him for his paper this afternoon. 


A PERSIAN GEOGRAPHER OF a.p. 982 ON THE 
OROGRAPHY OF CENTRAL ASIA 


V. MINORSKY 


* is a matter of regret that the achievements of Muslim geographers of 
the ninth and tenth centuries A.D. are still very insufficiently known outside 
a narrow circle of orientalists. The fault lies to a considerable extent with 
those who keep this treasure ' without thinking of rendering it accessible in 
European languages. No partial adaptations, even so excellent as le Strange’s 
“The lands of the Eastern Caliphate’? and P. Schwarz’s ‘Iran im Mittelalter,’ 3 
can give an adequate idea of the prodigious wealth of accurate information 
collected by the early Muslim scholars and travellers. Marco Polo’s explora- 
tion is an outstanding event but it must not be forgotten that, three centuries 
before him, Muslims possessed most detailed descriptions of the countries, 
peoples, roads, and products of the area extending from Spain and Morocco 
to the outskirts of China and Tibet. The object of the present paper is to 
analyze the ideas of the Muslims on the orography of Central Asia, as they 
appear in the Persian geography written in A.D. 982, and bearing the title of 
Hudid al-‘Alam, which may be translated as “The regions of the World.” 
The author, whose name is unknown, dedicated his work to the local ruler 
of Gozgan (Northern Afghanistan) and presumably himself lived in the same 
region. From the point of view of Persian literature, the importance of the 
book is obvious, for it is earlier than Firdausi’s famous ‘Shah-nama’ (A.D. 994). 
As regards its contents, the ‘Hudud al-‘Alam’ is a compilation based chiefly on 
earlier books in Arabic, but the writer has preserved to us some very valuable 
data on such countries as China, Tibet, India, and Central Asia which are 
not found elsewhere. There are good reasons for believing that the original 
authority for these particular data is Abu ‘Abdullah Muhammad ibn-Ahmad 
Jayhani, of whom it is known that in A.D. 913-4 he became Vazir during the 
minority of the Samanid king Nasr ibn-Ahmad. Jayhani’s famous work, 
which consisted of seven volumes, is now lost and only known to us from 
occasional quotations. Owing to his high position in Bukhara, Jayhani was 
able to gather much new and valuable information. According to Muqaddasi 
(about A.D. 985) “he assembled foreigners, questioning them on the kingdoms, 
their revenues, the kind of roads leading to them, the height of the stars and 
the length of the shadows in their land in order in this wise to facilitate the 
conquest of provinces, to know their revenues,” etc. 

The author of the “‘Hudud al-‘Alam’ 4 often mentions a map prepared by 


1 See ‘Bibliotheca geographorum arabicorum,’ ed. by J. de Goeje, Leiden, 1870-94, 
8 volumes (of which only one is translated). ‘Bibliothek arabischer Historiker und 
Geographen,’ ed. by H. von MiZik, Leipzig, 1926-31, 4 volumes published (only a 
few chapters translated). 

2 London, 1905, reprinted 1930. 

3 Vol. I, 1896-1929; vol. II in progress. 

4‘Hudud al-‘Alam,’ translated and explained by V. Minorsky, published by the 
“E.J.W. Gibb Memorial,” New Series, vol. 17, 1937. The text of the translation has 
been divided into paragraphs, and the system of references has been retained in this 
paper. Signs of length have been used in rarer names when they are first mentioned. 
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himself, on which he evidently transferred the details found in Jayhani and 
the other sources accessible to him. This map has unfortunately not come 
down to us, but some idea of the “Face of the Earth” as represented by 
the author may be derived from the general chapters (§§ 3-7) in which he 
enumerates and describes the seas, islands, mountains, rivers, and deserts 
existing in the world. 

The chapter on the mountains (§ 5) opens with the mention of [1] some 
Far-Eastern peninsula called al-Ta ‘in fil-bahr (‘‘Thrusting into the sea’) 
and by avery detailed description of [2-5] a composite range * which must 
represent the longitudinal chains of Indo-China, continued by the mountains 
of the eastern Tibet, then by those stretching to the south of Sinkiang 


at Sabsawar 9Bc 
\9Be 
| 
Herat nee 


ARABIAN 


‘4, 
—— = — —— 


The ‘Belt of the Earth’ according to the author of ‘Hudud al-‘ Alam’ 


(Nan-shan, Kunlun), and finally the westernmost parts of the Tien Shan 
connected with the mountains which form the eastern and northern watershed 
of the Sir Darya (Jaxartes). Among the branches of this range are separately 
mentioned [6] Tafqan (Turfan?) which according to the details given corre- 
sponds to the Eastern Tien Shan, and [8] Tulas, which seems to be the Altai 
wrongly located to the north of the Issiq K4l. 

After this comes the description of the ‘“‘Belt of the Earth,” which is the 
particular subject of the present paper. All the controversial points are fully 
discussed in my book and here we shall touch only on the geographical 
aspects of the question. Some names marked by asterisks have been restored 
to their better-known forms. The text runs as follows: 


* Called Manisa, a name which may have been inaccurately transmitted. 
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**g. Another mountain stretches from the district of Kali in Kanbaya 
belonging to Hindistan. It follows an easterly direction, to Samir, then 
takes a northerly direction, passing between Dahum’s country and that of the 
raja of the Hindus up to the limits of Hital. Then this mountain splits into 
two branches.” 

Commentary.—As the Lesser Mihran (Narbada) is said to flow through 
Kuli the initial point of the chain is probably to be sought to the south of this 
river (the Saler peak?). The name Samur is somewhat doubtful but, if we 
restore it as Saymur, the latter is the usual name of the modern Chaul. It 
is also possible that, by a mistake of orientation frequent in our author, 
“eastern” must be understood as “‘southern.” In any case the further exten- 
sion of the range must be imagined in the direction of the Mahadeo hills 
and then across the Ganges valley to some point in the Himalaya. It is note- 
worthy that our author entirely overlooks the existence of the Ganges though 
the latter is well known to the Arab geographers. By the “‘raja of the Hindus” 
the master of Kanauj is meant, whereas Dahum is said to be the king of 
central and eastern India. Hital (or Hibtal) is one of the three sub-Himalayan 
principalities named by our author in the region of Nepal. 


““gA. One branch running northwards enters the confines of Tithal and 
Vital and passes between the farthest border of India and Tibet, while it runs 
north of the confines of Bolor, Samarqandaq, *Shughnan and Wakhan, and 
south of the desert; then on the confines of Zhasht it takes a north-westerly 
direction and crosses the region of Buttaman belonging to Transoxiana, until 
it reaches the confines of Usrishana. This mountain has numberless ramifica- 
tions in the districts of Shughnan, Wakhan and Zhasht.”’ 


Commentary.—Hital, Tithal, and Nital are three sub-Himalayan countries, 
and the form Nital in Arabic characters can be very easily read as Nepal. The 
point from which this branch continues northwards can be tentatively taken 
for Dhaulagiri. Bolor is the region of Ladakh, etc., and Samarqandaq is 
probably Sarhad near the sources of the Oxus. The chain represents the 
Karakoram continued by the Pamir knot and the Alai mountains. Zhasht 
(usually Rasht) is Garm on the middle course of the river Vakhsh. This 
river rises in the Alai valley and in its lower course is the most important right- 
bank affluent of the Oxus.' The further extension of the range is the northern 
watershed of the Oxus separating it from Samarqand. Usrushana is the old 
name of the province lying between Samarqand and Khojend. 


*‘gAa. From the interior of Wakhan and Zhasht start numerous mountains 
spreading out inside the region of Khuttalan. One of the branches of Khuttalan 
separates and joins another stretching from the district of Buttaman. From 
them numerous ramifications run into the district of Chaghaniyan, where they 
scatter. And where the said original ridge of the mountain [9A] comes near 
Buttam§an it splits into two, but near Usrishana (these two branches) unite 
again. From the region of Buttaman a branch shoots off which passes between 
the Buttaman-of-Daryazha and Chaghaniy4an and skirts the confines of Samar- 
qand and Soghd down to the confines of Bukhara . . .” 


Commentary.—This paragraph refers to the mountainous country corre- 
sponding roughly to the area of the present-day Soviet republic of Tajikistan 


* Even the Greek name of the latter (*Q£os) is supposed to be a tentative rendering 
of the Iranian name Vakhsh. 
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on the northern bank of the Oxus. Khuttalan was the district between the 
Wakhan river and the Pamir; Chaghaniyan stretched to the north of Termez 
and to the west of the Vakhsh; Buttaman represents the parallel chains of 
Turkistan, Zarafshan and Hissar stretching south of Samarqand. Daryazha 
(a Soghdian form for Persian daryacha “‘small lake’’) corresponds to Iskandar 
K6l feeding the Samargand river. 


* gB. As regards the other branch, from the frontier of Hital it runs inside 
Hindistan, follows the border of *Kanauj and passes between the country of 
the ‘continental’ Jaba and the kingdom of al-Jurz, where it is called Qasak. 
And so it runs north of the confines of Kashmir, Vayhind [the capital of Gan- 
dhara], Dunpur and Lamghan and south of Bolor, Shughnan, Wakhan and 
Badhakhshan, to the south of the districts of Khuttalin. Then it enters the 
region of Tukhiristan, stretches between *Talaqin, Sakalkand, Khulm [Tash- 
kurghan], Simingan [Haibak], and south of Balkh and penetrates into the region 
of San and Chiaryak belonging to Gozgan.” 


Commentary.—Taking again Dhaulagiri for the starting point in the sub- 
Himalayan region we must identify the range with the inner chains of the Hima- 
layas. Jaba’s kingdom seems to correspond to the present-day Chamba state. 
Al-Jurz is the Arabic name of the Gurjara dynasty which reigned in Kanauj. 
The further extension corresponds to the Hindukush. Dunpur and Lamghan 
stand here practically for the Kabul region. Dunpur (Adinapur) is situated 
on the Surkh-rud tributary of the Kabul river, and Lamghan along the left 
affluent of the Kabul river flowing from Kafiristan. Tukharistan is the region 
to the east of Balkh. San and Charyak (now Sang-Charak) is the small district 
south of Sar-i pul (to the south-west of Balkh). 


“9oBa. Then it turns westwards and in a north [read: south]-western 
direction penetrates into Ghor, passing south of Aspizar [Sabzar], Herat, 
Bushang and Nishapur. Between Nishapur and Sabzawar it runs north of the 
[Khurasan] road and again turning westwards passes north of Semnan and Rey 
and enters the region of Daylarnan, stretching on up to the end of the limits of 
Gilan.”’ 


Commentary.—This branch corresponds to the part of the Hindukush 
[Siyah-koh] stretching to the south of the Hari Rud which then is brought into 
connection with the southern Khurasanian mountains and the southern 
face of the Elburz mountains. 


““9Bb. And when this mountain after having deflected its course from 
Balkh reaches Madr belonging to Tukharistan, so many small and large branches 
spread out of it that only God knows their number. From each of its branches 
numerous spurs shoot off and spread in the region of Tukharistan, Andarab, 
Panjhir [Panjshir], Jariyana, Bamiyan, Bust, Rukhkhad [ancient Arachosia], 
Zamindavar and Ghazni and further stretch down to the region of Sind. 
And when the range of this mountain reaches the districts of Ghor, a branch 
shoots off from it and forms a circle like a finger-ring, then the branches unite 
again. . . . And from this ring of mountains a large branch shoots off which 
together with those other branches takes a westerly direction and spreads out 
in the region of Bust and Ghazni. Likewise in the neighbourhood of Aspizar 
this mountain possesses small offshoots which spread out in the districts of 
Aspizar.”’ 
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Commentary.—This is the central part of the Hindukush with its southern 
ramifications near the headwaters of the Helmand. The “finger-ring” is 
most likely the valley of Dasht-Navur, which lies 35 miles to the north-west of 
Ghazni and has no outlet. 


** 9Bc. On reaching San and Chiaryak belonging to Gozgan this ridge [9B] 
splits into two branches: the one is that which we have described [9Ba]; the 
other runs north of it, taking a westerly direction between Kundarm and 
Anber (Anbir). It stretches between Gurzivan and Jahudan [Yahudan] 
between Bashin and Diza, between Marvarod and Baghshur and south of 
Sarakhs. Then it takes a northerly direction and runs to the region of Tus, 
Bavard, and Nisa, until it reaches Gurgan. Then comes a valley three days 
long but narrow, called Dinar-zari. The mountain stretching on the other side 
of the valley directs its course through Isfarain until it reaches Gurgan. Then 
it turns south-westwards running south of Amol and the towns of Tabaristan 
down to the region of the town of Rey. Then it joins the other chain [9Ba]. 
The two chains united go up to the end of the province of Gilan.” 


Commentary.—This is the watershed of the Murghab and the Hari Rud 
[Band-i Turkistan] which, beyond Sarakhs, is prolonged by Kopet Dagh. 
Dinar-zari is the valley [Dahna-yi Gurgan] from which the Gurgan river 
rises. Further the description follows the watershed of the Gurgan and the 
rivers of Isfarain flowing towards the Iranian plateau. The range is then 
connected with the Elburz system, or more precisely, with its northern face 
overlooking the Caspian coast. According to our author the two branches 
meet in the region of Rey, which is not far from the truth in view of the 
existence of a knot of mountains to the west of Demavend. 

“From Hindustan where this mountain begins up to Gilan where it ends it 
is called Kamar-i zamin ‘Belt of the Earth,’ or in Arabic Mintagat al-Ard.” 


Commentary.—This conclusion leaves no doubt about the author’s inten- 
tion to trace a continuous system of mountains between India and the Caspian 
Sea. 

Perhaps the most original point of the description is the clear tracing of the 
ranges to the north, and to the south, of the Oxus. It is curious that the point 
of their separation is placed not in the neighbourhood of the Pamir but at 
some knot in the Himalaya which we tentatively have taken for Dhaulagiri. 
The distinct course of the two chains presupposes some knowledge of Kara- 
koram [9A], for the Great Himalaya range distinctly belongs to 9B. However, 
confusion in details, probably borrowed from different sources, was inevitable. 
So the position of the mountain Qasak (as described under gB) seems to 
contradict the item quoted in the chapter on the rivers: “‘It is said that from 
the summit of the ‘Mountain of Ice’ which is Qasak, a water springs up like 
a fountain and . . . separates into two in such wise that one half flows north- 
wards and it is the river Kharnab [one of the headwaters of the Oxus], and 
the other flows southwards and it is the river Sindrudh, which afterwards 
becomes the Mihran [i.e. the Indus].”” The name “Mountain of Ice” (Kuh-i 
yakh) may be the Persian prototype of the present-day Turkish M]us-tagh 
(-Ata) which has precisely the same meaning. Muztagh Ata, situated to 
the east of the Pamir near the watershed of several rivers, is indeed more 
suitable for our author's story. 


| 
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The idea of a “Belt of the Earth” may be of remote Zoroastrian origin. 
In the Bundahishn* the Elburz is represented as stretching “around the 
earth and connected with the sky,” whereas the other mountains, 2244 in 
number, “have grown out of Elburz.” The term itself Kamar-i zamin, or 
Mintagat al-Ard, apparently does not occur elsewhere in Muslim geographers 
but Ibn Haugqal, who wrote circa A.D. 977 and utilized Jayhani’s book, speaks 
of a mountain stretching along “the spine of the earth (‘ala zahr al-ard).” 
According to him, in the east “it starts from China where it comes out from the 
Ocean and runs to Wakhan. It crosses Tibet, in the western part of the latter 
and not in its centre, and the eastern part of the Kharlukh land 2 until it enters 
Farghana which is within the Islamic territory. The ridge stretches over 
Farghana towards the Buttam mountain situated south of Ushrushana. . . . 
Then it takes a direction towards Samarqand, skirts the latter on the south 
and runs towards Kishsh and Nasaf [Qarshi] and the region of Zamm[opposite 
Karki]. Then it crosses the Jayhun (Oxus) and stretches westwards to Juzjan 
(Gozgan) .. . and over Talaqan to Marvarud and Tus .. . leaving Nishapur 
to the east. Then it stretches to Rey . . . while the mountains of Jurjan, 
Tabaristan, Gilan and Daylam branch off from it. Then it joins the mountains 
of Azerbaijan.” After that it continues along the right side of the road from 
Rey to Hulwan [near Sar-pul in the Zagros], turns north towards Tekrit and 
Amid [Diyarbekir] sending off its branches into Armenia and towards the 
Caucasus. Then it runs on towards Mar‘ash where it joins the range coming 
from Syria. Through the latter the principal range is joined to the North 
African mountains which extend to the Atlantic. 

As one sees, the idea of Ibn Hauaqal is practically similar to that of the 
‘Hudud al-‘Alam’ but the tracing of the range has many independent features. 
It connects China with the Atlantic and in the eastern parts its description is 
rather vague. Our author, on the other hand, is incomparably more precise 
in his statements and treats the “Belt of the Earth” separately both from the 
Far-Eastern chains and the range which—also with many curious details— 
he traces between the Sinai and the Caucasus. 

In any case the ‘Hudud al-‘Alam’ marks an important stage in the study of 
the orographic system of Asia, which even in our times cannot be considered 
as quite complete. The description given in the book is not only accurate in 
its general lines but contains a mass of very precise details. Down to the 
nineteenth century we should look in vain in European literature for an 
equally clear picture of Central Asian ranges. 


' English translation by E. W. West, 1880, ch. XII. 
2 In the neighbourhood of the Issiq Kél. 


THE MEASUREMENT OF SHORT DISTANCES BY 
RANGE-FINDER 


P,. A. CLAYTON 


OST range-finders of the patterns available to surveyors do not read 

shorter distances than 250 metres, or 250 yards when the instrument is 
graduated in yards. The following method enables distances below these 
limits to be determined with about the same accuracy as by a tacheometer, 
and has been devised and used by the Desert Surveys in Egypt. 

Two similar marks, big enough to be seen clearly through the range-finder 
at the required distance, are made on any convenient rod or stick at exactly 
60 cms. apart for the 80-cms. base instruments, and at 75 cms. apart for those 
with the 1-metre base. In Egypt two white-painted rings, each 1 cm. wide, 
on the stick of the surveying umbrella, have proved very suitable. Where 
there is no such stick among the equipment, two white marks on a portion of a 
measuring tape would do. This marked stick or tape is held horizontally at 
the point whose distance is required, the stick being at right angles to the line 
of sight from the instrument. 

Observing these marks through the range-finder, the images are moved 
by the “working head” as in taking a range, but until the image of the left-hand 
mark coincides with that of the right-hand mark. The marks will then appear 
thus (in the Barr and Stroud range-finders): 


and the reading of the range scale divided by 4 gives the distance from the 
instrument to the marks. 

Using marks as above, distances down to 62-5 metres (or yards as the case 
may be) can be measured, which covers all normal requirements, but the same 
principle can be used for marks spaced at any distance apart less than the 
range-finder base. In general, for an 80-cms. base range-finder, 


L=scale reading x (1—AB/8o), 
and for a 1-metre base instrument 


L=scale reading x (1-- AB/100), 


where L is the required distance in the units in which the range scale is gradu- 
ated, and AB is the distance apart of the marks in centimetres. A test was 
made with a 1-metre Barr and Stroud under working conditions in Egypt. 
The errors up to 120 metres distance were under 0-5 m., up to 200 m. less 
than 1 m., and up to 260 m. did not exceed 1-25 m. 
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THE CONCISE OXFORD DICTIONARY OF ENGLISH PLACE- 
Names. By E1LertT EKWALL. Oxford: Clarendon Press, 1936. 9'2 X6 inches; 
xlviii+520 pages. 15s 

The number of those interested in local history has of recent years much in- 

creased, stimulated to a considerable extent by the volumes of the Place- Name 

Society. But outside the scope of the counties already dealt with the general 

reader is often at a loss for an authoritative interpretation of place-names, and 

the acquisition of all the volumes issued is expensive. In a field where the pit- 
falls are many and the guesses of the inexpert likely to be misleading, probably 

Professor Ekwall is the one man who commands confidence enough to put 

out a dictionary under his own name alone. He has qualified for this by previous 

publications, especially by ‘Studies on English place and personal names.’ 

In the present volume there must be some thirteen to fifteen thousand English 

place-names arranged in alphabetical order. The author professes to deal 

briefly with only a limited number of names, and states that etymologies given 
are often different from those proposed by previous scholars. Such differences, 
by promoting healthy discussion, may result in a gain to future volumes of the 

Place-Name Society, whose editors have helped the author of the present book. 

It will be found that practically all the names in a sectional map of the A.A. 

Road Book which require explanation are given. A comparison with the Place- 

Name Society’s county volumes shows the conciseness of Professor Ekwall, 

and in spite of his brevity he is able to offer new etymological suggestions. 

Under such a common name as Stoke the user of the dictionary has the advan- 

tage of seeing at a glance the local distribution of the name, and for this and 

various other reasons names like Easton, Newton, and Thorpe are treated at 
length. Though unable to visit all places listed, the author admits the import- 
ahce in many cases of topography in explaining names. Even with a knowledge 
of the oldest forms of etymological bases, of topography, modern pronunciation, 
and district dialects, guesses may go wrong. No doubt dissent is inevitable 
in some cases, but this handy dictionary may be used with confidence, and we 
would specially commend Chapter IV of the Introduction, on the value of 
place-name study. S. W. 


THE SCENIC HERITAGE OF ENGLAND AND WALES. By O. J. R. 
HowartH. London: Sir Isaac Pitman & Sons, 1937. 8':2 512 inches; xxvi 
+190 pages; illustrations and map. 8s 6d 

This book has been written at the request and under the auspices of the Council 
for the Preservation of Rural England, and that in itself is a strong recom- 
mendation for so convenient a survey of the factors underlying the variety of 
the countryside of England and Wales. It is neither a formal scientific study 
of scenery nor a popular guide book, but a compromise, resulting in a very 
readable account of less than two hundred pages. 

The first four chapters deal with rocks, climate, vegetation, and the historical 
evolution of the countryside. Perhaps it is a pity that this last section does not 
give a clearer picture of the enclosure movement that produced the characteristic 
field and hedge in so large a part of England. This general treatment is followed 
by a regional survey. A reader, thinking in terms of his own locality or county, 
may find some of his favourite topics scantily treated or even omitted, as is 


EUROPE 267 


inevitable in a general survey; but no one can complain that Dr. Howarth has 
not made his treatment representative, although in some areas the omissions 
are striking. It would have been interesting, for example, to hear more about the 
clearing of the Weald, about the growth of London in recent years, and about the 
moorlands of the south-west. There is another kind of omission that may also 
have been inevitable, but is none the less serious: the lack of maps. There is only 
one general map of England and Wales showing the regional divisions. Many 
chapters would have gained by the addition of sketch-maps. But to com- 
pensate there are forty-eight excellent plates; and the book makes abundantly 
clear the wealth of our scenic heritage. The Earl of Crawford and Balcarres, 
who has written the Preface, says that ‘‘Dr. Howarth’s book should arouse us 
to the perils by which we are faced. He teaches us lessons which will be most 
serviceable to all those actively concerned in the Preservation of Rural England.” 
All who read will agree. 


COMPANION INTO LAKELAND. By Maxwe t Fraser. London: Methuen 

& Co., 1937. 7': X5 inches; xii+290 pages; illustrations and map. 7s 6d 
Attractively produced and illustrated by some unusual photographs, this book 
gives information about the Lake Country, and particularly its margins, which 
the holiday reader would find difficult to obtain easily elsewhere. Miss Maxwell 
Fraser is perhaps most interested in the old houses of the district and the people 
who inhabited them, but she has collected a number of interesting observations 
on all kinds of things, from the window boxes full of mignonette that used to 
adorn Penrith houses to the old waller who lived in a tent beside the fell walls 
he was building. Throughout the book there are useful references to authorities, 
old and new, upon the Lakes region. 

There are a few errors: walkers do not go from Great Langdale ‘‘over Sty 
Head Pass to Borrowdale”’; Shap is not a Lakeland town; Millbeck Hall is in 
Millbeck and not Applethwaite; the Duddon does not separate Cumberland 
from Westmorland. The author assumes, without justifying her assumption, 
the former existence of the doubtful pele tower beside Aira Force; she refers 
to Lamplugh old Hall, which was demolished in 1821, as still in being behind 
the existing old gateway. Moreover, it seems doubtful whether any Lakeland 
devotee will agree with her that ‘“‘One of the chief sights of Borrowdale is .. . 
the Bowder Stone.” 

Miss Maxwell Fraser presents facts: she does not utilize them. Had she 
exercised a greater selectivity in her choice of facts her book would have gained 
in value. As it is, it provides a commentary upon a great diversity of Lakeland 
affairs, heterogeneous but entertaining, and full of bright, detached detail as a 
jig-saw puzzle before it is put together. EM. W. 


THE YACHTSMAN’S ENGLAND. By Frank G. G. Carr. (The English 
scene. Edited by Ertc Parker. Vol. III.) London: Seeley Service & Co. 
(1937). 8X5 inches; 250 pages; illustrations. 8s 6d 

Mr. Carr knows his subject thoroughly, has in other respects a full mind, and 

can write. The title accurately describes the contents of his book: an essay on 

the navigable rivers, coasts, ports, ships, and men encountered by the amateur 
sailor in English waters. It will be enjoyed by sailing men who are familiar with 
some of its scenes as well as by those whose love of the sea is real but less intimate. 

Geographers will find in it many items to serve as footnotes to their text-books. 

The ordinary atlas is apt to suggest that all expanses of salt water are alike except 

for differences in depth. It shows the Thames Estuary as unbroken liquid from 

Essex across to Kent, whereas it is actually a maze of tortuous channels between 
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banks which at low water are visible islands. And about other parts of our sea 
there is more to be said than a wash of blue colour can convey. 

About ports opinions vary with the point of view. That “Newhaven is a 
pleasant place to lie’’ may be true for a ship with a crew of three or four of whom 
one can be left on duty to tend warps, but it is not so good for the single-hander. 
The author is severe on the discomforts of Dover with its alternatives of lying in 
the dirty and public Granville Dock or rolling at anchor in the outer harbour. 
He does not mention the third and quite tolerable choice, the Camber, with its 
privacy and comparative security. One reflection will be generally endorsed: 
“It is a strange fact, as I have noticed, with English harbours, that the poorer 
the facilities the higher are the dues.” But contrast is the salt of the cruising 
game, and these hazards make a man cunning in its craft. 

All the photographs are interesting and some of them are very fine. J. A.W. 


A JOURNEY WITHOUT BAEDEKER IN NORWAY. By ALeEx ForsBatu. 
London: Wells Gardner, Darton & Co., [1937]. 8'!2 X5'2 inches; 86 pages; 
illustrations and route-map. 3s 6d 

This is the record of a journey by steamer from Hamburg to Bergen, calling on 

the way at Stavanger, and from Bergen by mail steamer to Tromsé and back. 

‘The author then travelled by rail from Bergen to Oslo. Except for an intrepid 

visit of a few hours to a Lapp settlement he seems to have seen only towns, or 

such portions of the country as could be viewed from steamer or railway carriage. 

Doubtless he was handicapped by the weather, for the journey was made in 

October and November. 

Dr. Forbath’s avowed object was ‘‘to travel without Baedeker and without a 
fixed plan, to trust to the compass of my senses and my heart, knowing nothing 
of the ‘sights’.’? Unfortunately on such an itinerary you cannot avoid “‘sights,” 
but he often succeeds in omitting the most important ones and in giving mis- 
leadingly out-of-date or inaccurate information about others. Thus he devotes 
six pages to Oslo but never mentions Bygdo or the new building there in which 
the Viking ships are so perfectly housed; and of Trondheim cathedral he can 
believe that it is, as it stands to-day, a relic of the middle ages. 

When coming into close contact with nature on his journey across the Ber- 
gensban, his eyes, he tells us, “‘became almost weary of so much beauty, 
weary of the oppressive grandeur of nature.’’ His experiences seem indeed to 
have been overwhelming. His favourite adjectives are “‘fantastic,”’ “primitive,” 
and ‘“‘gloomy,”’ and the book is full of sentimentality and ignorant patronage. 
Dr. Forbath seems unaware that a country with the second largest mercantile 
marine in Europe and the fourth in the world can no longer be regarded as a 
romantic backwater. M. S. 


FORTY THOUSAND AGAINST THE ARCTIC: Russia’s polar empire. 
By H. P. SMotxa. London: Hutchinson & Co., 1937. 8 X 5 inches; 288 pages; 
illustrations and maps. 12s 6d 

Mr. Smolka is a journalist and his book gives us an account of the developments 

carried out by the U.S.S.R. in the Arctic; but a number of his readers will 

regret that he is not an engineer, explorer, or scientist. This detracts from the 
instructiveness of his narrative, but does not lessen one’s interest in the work 
the U.S.S.R. are carrying out with prospects of success. 

In his book Mr. Smolka mentions, apart from early work of an exploratory 
nature, the commercial operations carried out under Mr. Jonas Lied, which 
without the aid of wireless and aeroplanes were to a large extent successful. 
Mr. Lied worked with very limited funds and each year’s expedition had to 
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rely for success on his initiative and that of the navigators of the vessels con- 
stituting the expedition; nevertheless they proved the possibilities of success, 
given sufficient resources. In those days the only means of fighting the ice was 
by the frontal attack of the ice-breaker; and their experience in Arctic waters 
indicated that the key to success lay not in frontal attack but in guerilla warfare 
by means of wireless and aeroplanes: strategy in place of brute force. 

The development of wireless and air navigation resulting from the war made 
the work of which Mr. Smolka writes possible. 

The problem of providing capital would have been insoluble under any 
system of private capitalism, and it has fallen to the U.S.S.R. with its experi- 
ment in State Capitalism to be the pioneer in this work. Moreover, owing to 
geographical considerations (all the rivers in the North except the Amur flow 
into the Arctic Ocean), Russia has more incentive than Canada to develop 
transport through the Arctic Ocean for commercial and naval purposes. 

The author has devoted much space to conversations with various inhabitants 
at the expense of details of the actual work being carried out there, and he states 
frankly that this side of the picture is of greater interest to him. The author’s 
knowledge of Russian is slight: he translates golubchik as ‘“‘little dove,’ and 
writes ‘‘six summers’”’ in place of “‘six years.” 

Mr. Smolka accepts figures given him without verification. For instance, 
the woman registrar at Igarka states that she has “‘an average of 5 weddings, 
1°3 divorces, 6 births, and 4 deaths a day.”” The population is given as an 
average of 16,000, which suggests that each couple must get married once every 
four years and that the death rate is 9 per cent. The translation of his interview 
with regard to timber in his Times articles is strongly at variance with that in 
his book. A little knowledge of science would have prevented his poetic descrip- 
tion of flying in a plane through the centre of the arch of a rainbow and it is hard 
to credit his account of his own reactions when on an ice-breaker at work in the 
ice-fields. 

Apart from journalistic touches the author has given us his genuine impres- 
sions as to one of the most interesting achievements of the U.S.S.R. When it 
carried out enormous schemes for the development of water power, built huge 
steel works and factories, it was only treading along known paths with the 
guidance of foreign engineers experienced in the construction of similar plants. 
But the undertaking described in this book is new work, navigation in an 
uncharted sea and of infinitely greater interest. 

The U.S.S.R. has not adopted the plan proposed by Mr. Lied of developing 
Novaya Zemlya as an entrepét for the Kara Sea but is concentrating on the 
construction of ports at the mouths of the Ob’ and Yenisei. This is surprising, 
as past experience has shown that this shortens the period of navigation and 
adds considerably to the risks of ships being ice bound. 

It is questionable whether the development of the Arctic is economically 
worth while and the answer cannot be found by merely considering the financial 
side. The U.S.S.R., controlling as it does a very large portion of the Earth’s 
surface, has its own problems of communication within the land stretching 
from the frontiers of Finland to the Pacific Ocean, and which south of the tundra 
is rich in forest and mineral wealth, yet without means of sea transport except 
the Arctic Ocean. From a military point of view the Russo-Japanese War was 
a severe lesson, and railways are essentially liable to attack and dislocation in 
these days of air navigation. Apart altogether from commercial economics the 
U.S.S.R. expenditure in developing the Arctic is probably justified in self 
defence, and this book shows not only what is being done in this respect but 
gives a picture of what can be done if the resources of the nation are mobilized. 
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Whatever the reasons may be, the U.S.S.R. deserves praise for the pioneer work 
she is doing in the Arctic. 

As to whether the air routes across the polar ice wastes will ever become 
commercial air routes depends not so much on Russia as on Canada and the 
U.S.A. The U.S.S.R. for its own purposes will continue the development of 
the air bases, wireless and meteorological stations. Whether, taking all expendi- 
ture into account, they are commercially sound investments matters but little, 
as they are certainly strategically important. This however is equally surely 
not the case with Canada (Mr. Smolka has not commented on the work that has 
for long been quietly carried on by Canada in her own Arctic territories) and the 
U.S.A., and the Greenland air route, though longer, would be cheaper in out- 
lay and upkeep. 

The book gives an interesting picture with many sidelights on Russian 
character, which has developed but not changed under Soviet rule. Igarka and 
the other settlements will not become, like Mangazeya, forgotten cities of the 
past. A. G. M. 


THE BALKANS BY BICYCLE. By W. Pare, HaMsHer. London: H. F. and 
G. Witherby, 1937. 9X5'2 inches; 222 pages; illustrations and route-map. 
8s 6d 

Mr. Hamsher, who describes himself as a ‘‘young English student-writer- 

politician,’ bought a cycle from a fellow student in Leipzig and set out for 

Constantinople. From Vienna he went to Fiume, down the coast by steamer to 

Split, and thence through Yugoslavia and Albania to Salonica. Despite the 

dreams of his youth, ‘‘nothing in Salonica became it like the leaving.’’ Thus 

far in fact the reader is left with the impression that Mr. Hamsher was more at 
home discoursing on Peace Problems in a students’ club in Vienna. Cycling 
was not his métier, and he seems to have suffered, perhaps unnecessarily, in 
health. But before his determination carried him to the end of his journey, 
there was a pleasant interlude when he was freed from his bicycle: forty days 
on Mount Athos, the Holy Mountain. It is described as ‘‘forty days spent 
fasting,’ but in some at least of the monasteries he seems to have fared better 
than elsewhere in the Balkans. Here he could ruminate in peace, and his medi- 
tations, which elsewhere are but tiresome substitutes for human contacts, seem 
to fall into place. Mount Athos occupies the third quarter of the book; the 
picture of its community is unforgettable; and when it is left behind the rest 
of the barren ride through Macedonia and Thrace is of small account. 


HALF A LIFE LEFT. By James Stracney Barnes. London: Eyre and 
Spottiswoode, 1937. 8': X5'2 inches; 330 pages; sketch-maps and portraits. 
10s 6d 

The main interest for geographers in this second instalment of Mr. Barnes’ 

autobiography lies in the first seven chapters dealing with his Albanian experi- 

ences. He first visited the country in 1911 and has been a good friend to it since. 

When in hospital in 1917 he made a systematic study of Albanian problems and 

later lectured before the Society on the future of the Albanian state (Geogr. F. 

52 (1918) 12-30). Because of his special knowledge he became a member of the 

South European Section of the British Foreign Office Delegation at the Peace 

Conference, where he put up a fairly successful fight for his adopted country. 

Albania was eventually awarded her 1913 boundaries. These Mr. Barnes had 

disliked at the time and in 1937 his hatred of them has increased. In 1918 he 

was more moderate: he desired merely to move the line north so as to give 
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Albania the basin of the White Drin, and east to include Okhrida, while in the 
south he found the work of the 1913 International Commission difficult to 
better. To the story of his labours the author adds descriptions of the country 
and its people, and an amusing account of how he became something of a 
candidate for the Albanian throne. i, 


ALLAH DETHRONED: A journey through modern Turkey. By LiLo 
Linke. London: Constable & Co., 1937. 9X5'2 inches; xvi+342 pages; 
illustrations and route-map. 15s 

The high-sounding title may be a very good catch-phrase, but it is not exactly 
a happy inspiration. Under a régime which considers the exclusion of religious 
ideas ‘‘from politics, and from the affairs of the world and of the State” to be 
one of the chief factors of progress, there has obviously been a falling-off in 
the number of believers, and that falling-off will no doubt continue. But while 
the secularization of education in 1924 aimed at making nationalism and 
democracy supply a moral code to replace the teachings of the Koran, the 
mosques are by no means deserted, and some of the incidents related by the 
author belie the main title of her book. Fraulein Linke, who appears to be a 
free-lance journalist, travelled far and wide in Atatirk’s Turkey, visiting many 
towns and villages off the beaten track. She thus had numerous opportunities 
of gaining an insight into the daily life of the modern Turk. She is too fond of 
recording trivial incidents, which merely serve as irritating digressions: the 
inclusion of the adventure of the love-sick Tewfik was perhaps considered 
necessary in order to portray the type of young man who, apparently, can hold 
a commission in the Turkish Army, but this and similar episodes covid with 
advantage have been curtailed or even omitted. However the author tells us 
much that is useful about education, social life, the development of industry, 
the growth of the railways, and other important matters. Most of the chapters 
are followed by Notes which contain, among other solid information, some 
interesting statistics, and are perhaps more valuable than the narrative. 

Istanbul, ‘“‘an absurd mixture of decaying palaces and blocks of modern 
flats,’’ did not appeal to Fraulein Linke. She applied for permission to visit 
the eastern provinces, which are the most backward, and she obtained from 
the Ministry of Defence a permit to travel in regions under military control: a 
privilege seldom granted to foreigners. With one exception she received a 
cordial welcome from the authorities wherever she went, being given every 
facility to look over factories, hospitals, and educational establishments. 

Many of the Turkish reforms seem to have been imported from Russia, but 
the Turk has apparently no leanings towards Communism. Some of the 
reformative methods seem rather puerile, and one is inclined to agree with the 
view of Fraulein Linke’s German friend: ‘‘Where the zeal for reform enters 
through the door, the sense of humour disappears through the window.” On 
the other hand, reforms adopted to reduce the ravages caused by malaria and 
trachoma appear to have been an urgent necessity. In Ankara, the new capital 
of which the modern Turk is, perhaps not unjustly, so proud, we find the Orient 
stripped of all its romantic charm: “Every building at Ankara was absolutely 
essential and utilitarian. . . . Ankara was a place dedicated to nothing but 
work.” 

Fraulein Linke’s fluency in English is remarkable, and it is regrettable that 
she did not think it necessary to have her work looked over before publication. 
It would have been easy to eliminate the few mistakes which mar her text. 

F. M. M. 
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THE UNVEILING OF ARABIA: The story of Arabian travel and discovery, 
By R. H. Krernan. London: George G. Harrap & Co., 1937. 9 X 512 inches; 
360 pages; illustrations and sketch-maps. 12s 6d 

It is the story of the unveiling of the Desert Peninsula to Western knowledge 

that Mr. Kiernan unfolds for us. Dr. D. G. Hogarth had told most of it before 

in his ‘Penetration of Arabia,’ written in 1905. But much sand has blown over 

Arabia since that date. The last thirty years have seen accomplished what three 

centuries failed to achieve. There is therefore much of material interest to add 

to Hogarth’s account; and also it must be remembered that Arabia has a very 
different and much wider public than in the first decade of the present century. 

In such a book it is obviously difficult for the compiler to keep a perfect 
balance, and to give each traveller his due. Some explorers have been too 
reticent, while others have been too voluble. Some could write well; others not 
express themselves at all. The time spent, the results obtained in proportion 
to the period, and the manner in which their learning has been given to the 
world, all should be taken into account. Some names have become famous by 
reason of the personality of their bearers, others have remained unknown 
because their owners were unambitious and reserved. Some have died before 
being able to tell their story—Huber, Shakespear, Gertrude Bell, and Leachman 
—thereby not reaping their full reward. Huber’s exploits would be hard to 
beat, yet one page suffices Mr. Kiernan. Palgrave’s sensational story, on the 
other hand, is given sixteen pages. Burckhardt gets a whole chapter and rightly ; 
so does Burton. But Doughty might have been allotted more room. Nine pages 
only are devoted to the man who left us two large volumes of which “‘not one 
word can be spared.’ The general reader certainly would not come away with 
the idea that Doughty spent longer than any one else in Arabia, saving Huber 
and Philby, and that he took more trouble than any other traveller to tell us 
about it. He endured twenty-two months’ privation, and spent nine years 
writing his story. Shakespear’s trans-Arabian journey, the first from east to 
west for close on a hundred years, occupies two pages, yet in proportion to some 
others it might be considered worthy of a chapter to itself. Had Leachman 
written his experiences, he would doubtless have been fully quoted, for he had a 
great deal to tell. If Gertrude Bell had produced a volume on her visit to Hail, 
her name would have appeared more often. In the matter of veil-lifting, Philby 
raised it over a far larger area than did anyone else; and this by pain of his camel’s 
legs. 

Mr. Kiernan has undertaken the impossible and thankless task of pleasing 
every one. But the ‘Penetration of Arabia’ needed bringing up to date, and we 
are grateful to Mr. Kiernan for doing so. 

If there is one criticism to make, it is that the last two chapters devoted to 
twentieth-century exploration might have been extended to at least half a dozen. 
‘l'wo chapters out of seven are too little to cover the period during which Arabia 
has been virtually unveiled. 

There is a good selection of unusual photographs as illustrations, and a series 
of line maps. BL. 


HISTORY OF THE ARABS. By Putiuip K. Hittt. London: Macmillan and 
Co., 1937. 9 “6 inches ; xviii 768 pages; illustrations and maps. 31s 6d 

Dr. Hitti has supplied what has long been badly needed—a general compen- 

dium of medieval Islamic culture, in which most of the researches of recent 

decades are summed up and made accessible to the general reader. It is much 

more than a history, in the narrow sense of the word, since about half of the 
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book deals with social, material, and literary culture; and while details are 
sometimes open to criticism, the work as a whole is thoroughly done and free 
from bias, beyond the author’s natural pride in the achievements of his own 
people. On the geographical side, unfortunately, he is perhaps at his weakest. 
The summary of the Arabic geographical literature and attainments is brief 
and phrased in general terms, and it is very doubtful whether the ancient 
Sabaeans ‘“‘mapped the coast”’ and “‘charted the routes” of South Arabia (p. 49), 
or whether the Caspian Sea was in the tenth century ‘“‘the scene of active com- 
mercial intercourse”’ (p. 344). H.A.R.G. 


THE ARABS. By Bertram Tuomas. London: Thornton Butterworth, 1937. 
g'2 X 6 inches; 372 pages; illustrations and maps. 21s 
Mr. Thomas needs no introduction to the Fellows of this Society, who are 
familiar with his explorations and record in Arabia, and his modest and vivid 
accounts of them in this Journal. The same qualities are seen in his latest book. 
Much less ambitious than Dr. Hitti’s work reviewed above, it succeeds admir- 
ably in its object of setting the Arabs of to-day in their own historical and cultural 
background. It is no work of ponderous learning, but in a lucid and attractive 
style it sets out the main facts accurately, and with the insight of a man who has 
got under the skin of the people of whom he writes. i. Ay BG: 


LA SPEDIZIONE GEOGRAFICA ITALIANA AL KARAKORAM 
(1929-VII E.F.). Storia del viaggio e risultati geografici. By AIMONE DI 
Savora-Aosta, Duca pi SPOLETO, and ArpITo Desio. Pubblicazione effet- 
tuata sotto gli auspici della Reale Societa Geografica Italiana, del Club 
Alpino Italiano e del Comune di Milano. Milano-Roma: S.A. Arti Grafiche 
Bertarelli, 1936. 1112 inches; xxiv, 568 lii; zllustrations and maps. Also 
separate case containing Carta Topografica (scale 1 :'75,000) in three sheets, 
““K2” (scale 1: 25,000), together with panoramas on five plates. (Edizione 
straordinaria. No. XXIV) 

Attention is called to the separate case, whose contents are indispensable to a 

serious study of this region. In one pocket is a map in three sheets on the scale 

of 1 : 7500, with 100-metre contour-lines, based on Professor Desio’s survey, 
with additional detail taken from the De Filippi maps and from Major Kenneth 

Mason’s survey of the Aghil ranges. The four main glacier basins, from north- 

west to south-east, are shown in full with their tributaries and their connections 

with adjoining basins. There is also a most interesting map on the scale of 

I : 2500, showing K: in relation to surrounding névés. In the other pocket is a 

series of eight excellent panoramas of important parts of the glacier basins. The 

names of peaks and passes are printed above and dotted lines indicate the exact 
position of each feature. The view-points are well selected and they can readily 
be found on the large-scale maps which they so admirably illustrate. 

The first, part of the volume (pp. 3-103), written by the leader of the expedi- 
tion, H.R.H. Aimone di Savoia, Duke of Spoleto, commences with photo- 
graphs of the European Staff. Then follows an account of the initial prepara- 
tions in 1928, and of the journeys of the expedition in 1929. The English reader 
is referred to the paper read by the Duke of Spoleto to the Society (Geogr. ¥. 75 
(1930) 385-394), in which the activities of the expedition are fully described and 
some of the results mentioned. The material of both accounts is identical; 
minor differences are due to the fact that the Italian version is addressed to a 
wider public. The text is illustrated by three sketch-maps and fifty-five well- 
chosen views, of small size but extremely clear; amongst them are several 
remarkable pictures of ice pinnacles (cf. Geogr. ¥. 86 (1926) 538). 

18 
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The rest of the text (pp. 107-535) is the work of Professor Ardito Desio and 
treats of the scientific results of the expedition. 

In dealing with the limits of the Karakoram ranges, Professor Desio gives 
reasons for including in the Karakoram System the whole area between the 
Upper Indus Valley and the upper tributary valleys of the Yarkand on the 
north-east, and from the Hunza Valley south-eastwards to that of the Shyok. 
Consequently, he maintains that there are four main ranges, which he names as 
follows: the Ladak Chain, overlooking the Indus Valley to the south-west; the 
Muztagh Chain, or the Karakoram proper; the Masharbrum Chain more or 
less parallel with the Muztagh; and the Aghil Chain to the east of the Shaksgam 
Valley. The relation between the two central chains is shown in a sketch-map 
on p. 

The chief peaks are arranged in groups differing in height by 500 metres. 
Twenty-four peaks reach 7500 metres (24,600 feet) and K: heads the list with 
its 8611 metres (28,850 feet). 

After discussing the possible origin of certain accepted names, the author 
points out that such names fall into three groups: traditional native names; 
those chosen by explorers, (a) in the language of the country, and (b) in the 
language of the explorer. ‘The last two types apply, of course, chiefly to 
uninhabited regions. He urges the importance of careful research before any 
new name is introduced. 

With regard to the geology of the region, the Italian text contains virtually the 
same matter as the paper delivered by Professor Desio to the Society (Geogr. ¥. 
75 (1930) 402-11). 

Then follows the most important part of the book: the descriptions, in geo- 
graphical order from north-west to south-east, of the four glacier basins traversed 
by members of the expedition : the Punmah Basin, the Baltoro Basin, the Sarpo- 
Laggo Basin, and the Upper Shaksgam Basin. 

Only the first two were fully surveyed by Professor Desio. Intimate know- 
ledge of the other two is still incomplete in parts, but in the description the treat- 
ment of each of the four basins is similar, under such headings as: position and 
general characteristics; previous explorations, with sketch-maps giving the 
route followed by each explorer; relation to contiguous basins; geological struc- 
ture, dealt with in great detail, with two general sketch-maps of the basin—one 
to show the positions of the different formations, and the other to illustrate the 
orography by means of thick lines indicating the directions of the main chains 
and of the minor spurs. The description of each basin is made more vivid by a 
series of geological profile sketches which enable the reader to visualize the out- 
crops and the angles of inclination of the different formations, especially as 
these are accompanied by many significant photographs. Finally the present 
glacier snouts are described and discussed in relation to earlier snouts. 

The volume ends with a bibliography (pp. 539-544) ; an index of place-names; 
and an index of the 253 illustrations in the text; an appendix (pp. iii-xliii) con- 
taining the records of the observations from which the latitude and longitude of 
important positions were calculated ; the observations of earth magnetism; and, 
lastly, a description of the rock specimens and fossils sent to Italy to be examined. 


CAMP SIX: An account of the 1933 Mount Everest expedition. By F. S. 
SMYTHE. London: Hodder and Stoughton, 1937. 9X5": inches; xii+308 
pages; illustrations. 18s 


This is a personal and unofficial account of the 1933 expedition to Everest, and 
is particularly interesting because Mr. Smythe tells us just what we want to 
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know about the experiences of a climber at great altitudes. No one else has 
entered so thoroughly into the subject as he has done. 

He begins however by giving us a full account of the journey up country 
from Darjeeling. There have been six expeditions to Everest, and at least four 
descriptions of the journey, so that it is something of an achievement when 
Mr. Smythe succeeds in making this part of his book agreeably readable. He 
is not invariably happy on the journey for he appreciates the charm of being cut 
off from civilization, and comments on the disadvantages of wireless in frus- 
trating this primary ideal of explorers. The vastness of the transport for such 
a big party and the inevitably fixed time-tables of marches he likewise finds 
depressing. He also stresses the importance of members of summit parties 
being accustomed to climb together before they have met on Everest. Out of 
the party of sixteen Englishmen he expected that six would be able to go high, 
but that all six would not be capable of reaching the top. Of the scenery of 
Sikhim and Tibet he gives a vivid impression. 

Of Everest he says : ‘‘I must confess to some pessimism on first seeing Norton’s 
traverse. In the gathering shadows the head of the great couloir which it crosses 
looked very forbidding.’’ So also does Smythe’s remarkable photograph of it 
on p. 272. Everest in its worst places is evidently no easy mountain, even when 
judged by Alpine standards, and after making allowance for the insidious 
psychological effects of extreme altitude. 

The author’s observations and impressions at the high camps deserve the 
attention of all organizers of expeditions to Himalayan peaks. It seems as if 
the heart and lungs of climbers may become acclimatized in advance of their 
digestions. The sore throats caused by the septic dust of Tibet are a great 
handicap. Mr. Smythe quotes feelingly Mallory’s words that from Everest 
““we expect no mercy,” and he remarks that the heart feels the effects of severe 
exertion above 22,000 feet for days afterwards. But progress has been made, 
thanks to Mr. Ruttledge’s successful policy of acclimatization, and the large 
party on the North Col, contrary to the experience of previous expeditions, was 
able to enjoy its food. Beyond the North Col, Shipton and the author were 
able to climb at first at the rate of 1000 feet an hour. Higher up the thought of 
food became loathsome, and when Smythe and Shipton started finally for 
Camp V each of them had lost a stone in weight. Part of this deterioration of 
course may have been due to a diet depending exclusively on tinned foods, and 
it should be possible in future to modify this regime, at any rate to some slight 
extent. 

Of the final assault he says that in England it had taken him an hour to scale 
2300 feet, and that on the highest slopes of Everest with eleven hours of daylight 
before them he was doubtful whether they had time and strength to climb and 
descend 1600 feet. The dangers of being cut off by bad weather at the high 
camps are also discussed very lucidly. The whole book has an important bear- 
ing on the problem of climbing Mount Everest. c. FE. M: 
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MEHAREES: Explorations au vrai Sahara. By THEopoRE Monon. Paris: 


Editons ‘‘Fe sers,” [1937]. 7': X 4%: inches; 300 pages; illustrations and map. 
16 fr. 50 


This book is dedicated to the only two conquerors of the desert, the camel and 
the water-skin, the one indispensable to the other. It is written with a certain 
abruptness of style in somewhat florid language, which by reason of the sym- 
pathy and insight the author shows for the land he knows so well is far from 
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unpleasant. It is a book to read on a railway journey rather than pore over in a 
study, as is indicated by such chapter headings as ““The polished axe and the 
enamelled tea-pot.’”? The author is an Assistant in the National Museum of 
Natural History and has travelled not, as he is careful to point out, as a unit 
in a conducted tour by motor car, but in native fashion with camel and goat- 
skin water-carrier. The book describes: with a light touch his journeys from 
‘Timbuktu to Algiers and from the Atlantic to the Hoggar: expeditions of no 
mean magnitude, for a glance at his line of march shows the thoroughness of 
his investigations. One wishes that, being so well equipped with scientific 
knowledge, he had been less rambling in his descriptions and more generous 
in his accounts of the geography and ethnology of the districts through which 
he passed and where he made his observations. The latter have been partly 
dealt with in ‘L’Adrar Ahmet.’ In the present work the descriptions are too 
brief, essentially popular, elucidated by homely comparisons, and illustrated 
by plates of diagrammatic sketches. The map is of the slightest ; there is a useful 
glossary of local terms, but no index. 4-2. 


WHITE AFRICAN. By L. S. B. Leakey. London: Hodder and Stoughton, 

1937. 9 X6 inches; 320 pages; illustrations. 15s 
The title is a curious one and it indicates an unusual point of view. The author, 
the son of a missionary, was born on a mission station in Kenya, brought up to 
a great extent among natives, and at the opening of his book states that in many 
ways he considers himself more of a Kikuyu than an Englishman and would 
have preferred to write his book in the Kikuyu language. To what extent this 
is a youthful pose readers must judge. The maintenance of a place in two 
civilizations must require considerable agility and balance, and might con- 
ceivably lead to dangerous mental strain; it is hoped that this may not be so, 
for he is a young man of some ability. 

In this book he describes in frank terms how he oiniiniilinih in reaching Cam- 
bridge and then owing, indirectly, to a mishap at football, had a chance to 
accompany a British Museum expedition to Tanganyika Territory. The 
glamour of his experiences there helped to determine his future career, for his 
work on that trip enabled him to obtain some preliminary training in archaeo- 
logical method. He then specialized in this science and in due course, through 
the help of Sir Arthur Keith and others, was enabled to take an expedition to 
Kenya to explore some finds of which he had heard. 

He possesses a marked flair for the discovery of the traces of early man and 
this gift and his unbounded enthusiasm paved the way for a series of remarkable 
discoveries in that exceptionally rich field, the Rift Valley. He has up to date 
conducted three expeditions, latterly extending his researches to the Lake 
Victoria basin and Tanganyika Territory with fruitful results. The science of 
pre-history owes much to the wealth of material which his energy has unearthed, 
and which he has taken great pains to record and describe. 

The trips are pleasantly described in a popular manner in the work before 
us and readers will find much interest in the author’s descriptions of the strenuous 
work which intensive research into the succession of past events in the early 
history of man entails. The work is well illustrated by photographs. C. W. W. 


ZULU JOURNEY. By Care. Birksy. London: Frederick Muller, 1937. 
9 %5!2 inches; 300 pages; illustrations and sketch-map. 12s 6d 


Mr. Birkby has a flair for seizing on the piquant and highly coloured and for 
avoiding the commonplace. The characters of his book are usually very different 
from the common herd: on the native side they range from the bloodthirsty 
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Chaka to Joshua Titus, the humble Zulu valet, with maritime experience and 
with the blood of chiefs in his veins, and the White gentlemen include an 
eccentric millionaire who does odd jobs about the homestead. Other unusual 
individuals include an occasional crocodile or hippopotamus, which greatly 
enhance the thrills of the narrative. The crocodile lore tells of the exceptionally 
favourable treatment meted out to the water-buck by these reptiles: it appears 
that the palate of the crocodile, in northern parts of Natal at least, has little 
regard for the flesh of the water-buck, and this animal is immune from its 
attentions. 

For his scene the writer takes all Natal, including Zululand, together with 
Basutoland and the Transkeian Territories. Within this extensive domain 
Mr. Birkby seems to have interviewed most of the people who count locally 
and who are able to provide him with the anecdotes which are the chief delight 
of his book. Anecdotes can be appetizing enough, but even with the aid of many 
pen-pictures of real brilliance cannot considerably enlighten us in regard to 
the every-day life of the South African Bantu. The desperate problems that 
confront the natives who are witnessing the disruption of their tribal society 
and the degradation of their manhood through the ruthless operation of the 
White man’s industrial machine, would not enhance the romantic appeal of 
Mr. Birkby’s story; yet, by comparison, everything else in the land of the 
Zulus is insignificant. Regretfully, one comes to the conclusion that the author 
views with complacence the rapidly changing conditions in Bantu society 
and the future relations of Black and White in South Africa; or perhaps he 
believes it wise to exclude the tragedy of the Kaffir from his light-hearted and 
very entertaining pages. 
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THE HONOURABLE COMPANY : A history of the Hudson’s Bay Company. 
By Dovuctas MacKay. London: Cassell and Co., 1937. 9 51: inches; 416 
pages; illustrations and sketch-maps. 15s 

This book is a history of the Hudson’s Bay Company from the time of its incor- 

poration in 1670 up to the present day. To write such a history in one short 

volume was a formidable task. The work suffers from compression and becomes 
rather disjointed when it deals with the history of the Company by a series of 
brief biographies. The author is himself a servant of the Company, and had 
easy access to important historical material, and his practical knowledge of the 
working of the concern has been very helpful to him. As a result, the descrip- 
tions of its recent history and present organization are especially useful. The 
appendices, which include a statement of the earnings and capital of the Company 
since 1670 and a long bibliography, will be found to be one of the most valuable 
parts of the book. 'The general reader will find the book to be a readable intro- 
duction to the subject as a whole. Bs Ws Ra, 


COLOUR IN THE CANADIAN ROCKIES. By Water J. PHILLIPS and 
FREDERICK NIVEN. Toronto [and London]: Thomas Nelson and Sons, 1937. 
9': X6'2 inches; 126 pages (inc. x); illustrations and sketch-map. 12s 6d 

Not without reason has the author of this volume, Mr. Frederick Niven, given 

precedence to the artist, Mr. W. J. Phillips. His water-colours have caught the 

delicate yet vivid radiance of the land they depict, and they are the outstanding 
feature of the book. 
Making his centre at Banff in the Canadian Rockies, Mr. Niven takes us with 

a pleasant quietness and sense of leisure over the mountain and forest trails of 
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the spectacular regions which surround Banff and Lake Louise. In his company 
we visit the national parks of Banff, Yoho, Kootenay Glacier, Mount Revelstoke, 
and Kokanee Glacier Park, and the ordinary events of every-day tourist travel 
become suffused with unsuspected glamour. Many of those who travel in his 
company will be anxious to have as well as to hold this book for the sake of its 
beautiful colouring in brush and pen. The black-and-white wood-blocks also 
make effective illustrations, and the end-papers form efficient maps for a book 
which is descriptive rather than geographic. We 


A HISTORICAL, POLITICAL AND NATURAL DESCRIPTION OF 
California. By PepRro Faces, soldier of Spain (dutifully made for the Viceroy 
in the year 1775). Newly translated into English by HERBERT INGRAM 
PrigesTLEY. Berkeley: University of California Press (London: Cambridge 
University Press), 1937. X5'2 inches; xii+84 pages; facsimile map. 7s 

Pedro Fages was a Catalan soldier, who took part in the Spanish expedition to 

Monterey in 1769. He made several journeys in California between 1770 and 

1774, while he was acting as governor of the ‘‘New Establishments.” The 

present book was originally intended to be a continuation and a supplement to 

two works which had already described the expedition of 1769 and were pub- 
lished in 1770. Fages’ work was never printed in the original but a translation 
of the manuscript appeared in two numbers of the Catholic Historical Review 
in 1919, and is now reprinted as a book, with notes identifying the place-names 
and a short introduction. Its chief interest lies in the accounts of the Indian 
tribes. The acute observations made by Fages on the life and customs of the 
Indians are of great value to students of ethnology. BE. W.G. 


CENTRAL AND SOUTH AMERICA 


THE GEOLOGY OF SOUTH-WESTERN ECUADOR. By GEORGE 
SHEPPARD. London: Thomas Murby & Co., 1937. 8%: X 512 inches; xiv+276 
pages; illustrations and maps. 25s 

The westernmost bulge of South America contains important oilfields and a 

very complete series of Tertiary formations. The Peruvian portion has been 

investigated in detail by Bosworth, Olsson, and others; now Dr. Sheppard, 

State Geologist of Ecuador, gives us the results of ten years’ study of the part 

belonging to that republic. 

The climatic conditions of this area are remarkable: a north-south line about 
half a degree west of the 8oth meridian separates an eastern region with regular 
rainy season from a western arid region with heavy rainfall at intervals of about 
seven years. It is chiefly with this latter region, especially the Santa Elena 
peninsula, that the book is concerned. Bad-land topography is well shown in 
the shale areas, and there are other erosional features resulting from this unusual 
climate. 

The book embodies the result of much detailed research on such subjects 
as the Salinas salt-pits, the barrier beaches, the problematic clay-pebble bed, 
the cherts associated with igneous intrusions, the tectonics of the area, and the 
distribution of oil. Unlike the Tertiary strata of Northern Peru, which have 
yielded a rich fauna of molluscs, those of South-West Ecuador are poorly 
fossiliferous, except for the larger foraminifera. These valuable dating fossils 
however are well represented, and a special chapter by Dr. T. W. Vaughan of 
La Jolla is devoted to them. The whole book is well produced and illustrated. 

A. M. D. 


AUSTRALASIA AND PACIFIC 279 


AUSTRALASIA AND PACIFIC 


SAND AND SUN: Two gold-hunting expeditions with camels in the dry 
lands of Central Australia. By Micuaet Terry. London: Michael Foseph, 
1937. 9 X5'2 inches; 288 pages; illustrations and route-map. 12s 6d 

Michael Terry’s two expeditions into the heart of Central Australia in search of 
gold must have provided him with exceptional material for a book, but that 
material has not been used to the best advantage in ‘Sand and Sun.’ As in many 
recent books from the Antipodes the dialogue is neither convincing nor natural. 
Interesting episodes and occasions in Michael Terry’s travels, of which a great 
deal might have been made, have lost much of their literary value and interest 
through the introduction of clumsily phrased records of conversations and of 
the author’s appreciation of humour. The book would have been infinitely 
more readable as an unembellished narrative of travel. Yet interest may be found 
in it by those who are prepared to reject the dialogue and read the descriptive 
matter, which is well put together but almost purely of Australian interest. 


THE LAW PROVIDES. By E. Morrow. London: Herbert Jenkins, 1937. 
8'2 X 512 inches; 314 (inc. x) pages; illustrations. 10s 6d 
This book is a friendly and intimate account of life in the Mounted Police of 
North-Western Australia. Mr. Morrow presents an unvarnished record of a 
life which, by reason of its ever-changing and limitless horizon, could never 
become dull. Danger, hunger, thirst, solitude, and hardships of all kinds are 
the constant companions of the Australian Mounted Police, and the author of 
this narrative has revealed in simple and moving phrases how this little-known 
Force has built up a magnificent and unsullied tradition. It has, one learns, no 
world-wide reputation such as ‘‘They always get their man,”’ but its achieve- 
ments in the face of difficulties and hardship are no less great than those of 
other forces. Mr. Morrow tells his reader that the men are chosen for their 
physical fitness, their horsemanship, and bushcraft. They do not affect any 
full-dress uniform but favour the comfortable, if less spectacular, beaver mole 
trousers, soft khaki shirt and broad-brimmed felt hat. Seldom do they carry a 
revolver and rarely travel faster than a walking pace, yet their helping hand is 
extended always to those who require and deserve it; they carry messages ; they 
act as undertakers and marriage registrars ; their assistance is always available. 
This book is worth reading as it serves to break a silence which, until now, has 
hidden a body of splendid men. 


THE HERITAGE OF THE BOUNTY: The story of Pitcairn through six 
generations. By H. L. SuHaprro. London: Victor Gollancz, 1936. 812X512 
inches; 318 pages; illustrations. 10s 6d 

The descendants of the Bounty mutineers and the Tahitan women who took 

refuge on Pitcairn Island are of great interest to anthropologists. Isolated for 

well over a century from the outside world, they afford an opportunity for 
studying the crossing of two distinctive strains, the effects of inbreeding, and 
the evolution of an individual culture under a known geographical environment. 

The author of this book has examined the literature of Pitcairn and supple- 

mented this by observations made during a ten days’ visit to the island in 

1934-35. After summarizing the history of the Bounty and the early years of 

the settlement, he details the results of his inquiries into the present culture 

and biological condition of the islanders. In general, English characteristics 
have prevailed over Tahitan. Their physique is strongly English with modifica- 
tions from their Tahitan blood. This is particularly so with the men, and it is 
only among the women that individuals are encountered who might pass as 
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Tahitans. Their dialect likewise consists of mispronounced English and 
Tahitan words embodied in a degenerate English syntax. The author examines 
the rate of population growth, which displays a marked decline in fertility since 
1864. The character of their environment is shown by the fact that one-quarter 


of the deaths are through accidents. He concludes that inbreeding has not 
caused degeneracy. 


THE DANGEROUS ISLANDS. By CLirrorp Gesster. London: Michael 

Foseph, 1937. 9 X51: inches; 350 pages; illustrations. 15s 
By profession a journalist, Mr. Gessler has combined a rare sense of selection 
and understanding with undoubted creative literary ability in the production 
of this book. It is an excellent narrative of Polynesian life recorded by the author 
after three months spent on the remote atoll of Tepuka Maruia—an island in 
the Paumotu or Dangerous Archipelago. Tepuka is a little community far 
removed from the influence of the outside world. Only two or three times a 
year does an occasional trading schooner call there; there is no resident priest, 
although the Tepukans are nominally Catholics; no white man lives on the 
island; the nearest land is 100 miles distant; and life goes on to all intents and 
purposes according to a communal pattern dating back thirty-five or more 
remembered generations. 

Mr. Gessler has combined scientific observation and the narration of daily 
events with distinctive art and power. He tells his readers, with obvious 
sincerity and with a wealth of anecdote and illustration, of the customs, beliefs 
and taboos of the Tepukans who, at their best, are portrayed as representing a 
depth and integrity of character comparing not unfavourably with Western 
civilization. He traces the history, life, and literature of this unworldly people; 
and, out of this primitive existence, there springs the picture, not of a primitive 
society as one might suppose, but of one strangely cultivated and advanced. 


POLAR REGIONS 


REPORT ON THE PROGRESS OF THE DISCOVERY COMMITTEE’S 
Investigations. Issued by the Discovery Committee. Cambridge: University 
Press, 1937. 10 X72 inches; 52 pages; illustrations and sketch-maps. 3s 6d 

The content of this most interesting report is exactly as described in its title, 

and covers the period from the initiation of the researches when the laboratory 

was opened in South Georgia, to the homeward voyage of the Discovery II from 
her fourth commission in the spring of the present year. It is an excellent 
report describing in clear, scientific, but not technical terms, twelve years of 
solid research, carried out by sea and on land, by an enthusiastic team, working 
often under conditions of a severity unknown to the ordinary scientist ashore. 

The full results of their investigations are described in fourteen volumes of 

Discovery Reports, while a further ten papers are in course of preparation. In 

the total of 83 papers issued or in preparation no less than 53 authors are con- 

cerned. 

The Report covers all the various fields of activity. It starts with a brief 
passage on the “Scope of the investigations,” the main purpose being ‘‘to carry 
out research on the economic resources of the Falkland Islands Dependencies.” 
‘Though the study of the whale and its immediate environment has ever been 
the principal objective, it is clear that the opportunities have not been neglected 
for the furtherance of other branches of knowledge of not such immediate 
economic worth. From this the Report continues to a description of the facilities 
for work, the laboratory at Grytviken and the Committee’s ships. Then comes 
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a brief summary of the various commissions, one by “‘the old Discovery,” four 
by Discovery II, and the various voyagings of the William Scoresby. The extent 
of the compression that has been necessary is shown by the fact that the space 
allotted to Discovery IJ’s completion of the first circumnavigation of the Antarctic 
in winter is a single page, with map included. Twice has the course of Dis- 
covery II’s research been broken, when almost at a moment’s notice she has 
sped to the Ross Sea to bring succour to American Expeditions (the first occasion, 
when Admiral Byrd was supplied with a new doctor, is not mentioned in the 
Report). 

Next comes a section concerned with “‘Direct observations on whales,” 
which contains much that is of interest and still more that is disquieting. It is 
due entirely to these Discovery Investigations that it is now known with almost 
complete certainty that the great whales reach sexual maturity in two years from 
birth, that physical growth ceases by the age of seven, and that the female whales, 
at the best, can bear a young one only in alternate years. It is unfortunate that all 
the efforts to produce an efficient method of marking whales with metal darts 
was of no avail until the last few years. However now the difficulties have been 
overcome, more than four thousand whales have been marked, and recoveries 
are coming in. ‘‘Fears concerning the depletion of the whale stock” which 
‘“‘were widely entertained when the investigations were planned,” are now stated 
to ‘‘have become far more grave.”’ Certain voluntary protective measures have 
been introduced by agreement between Great Britain, Norway, and the Argen- 
tine, and doubtless this has had a small beneficial effect. But “‘destruction is at 
a high and dangerous level, and the difficulties of restriction are now greatly 
increased by the rapidly growing participation in Antarctic whaling of two 
countries, Japan and Germany, . . . The need for a rational basis for the 
regulation of the industry is now greater than ever before.’’ The scientists 
have worked for twelve years, and though they would be the first to admit the 
very considerable gaps that still remain in the information, enough knowledge 
is now available to secure the preservation of the whale. 

After this warning as to the certainty of over-fishing, the Report considers 
in anumber of sections such diverse topics as “Hydrology” and “‘Ice conditions,” 
“Plankton” and ‘‘Meteorology.’’ Though these subjects to some may seem 
far apart, in this Report the remarkable degree to which in fact they are corre- 
lated is clearly brought out in a way that must interest all who can appreciate 
the interdependence of natural phenomena. 

From the purely geographical point of view a section on “Surveying and 
sounding” illustrated by a map in two colours, shows the extent of the mapping 
that has been done. This includes, besides soundings innumerable, surveys 
in the Southern Ocean, coastal surveys of South Georgia, the South Sandwich, 
South Orkney, and South Shetland Islands, Bouvet Island, and “‘observations 
have been made on a small part of the coast of the continent in the South 
Indian Ocean.’’ The month each year that general policy has conceded to 
survey has been spent practically entirely on these more northern islands of the 
Dependencies. The only part of the Graham Land peninsula itself that it has 
been possible to include has been a small fragment at the back of Matha Bay 
(from which point south the British Grahar Land Expedition has recently so 
much increased our knowledge). 

This Report is in fact a precise and highly interesting summary of twelve 
years of concerted effort and intensive research. Those who have prepared it 
(they are anonymous) and those why have borne the burden of the investigation 
are all to be congratulated on a very fine approach towards the goal which they 
have now so nearly reached. G..C. L. B. 


} 
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CARTOGRAPHY 


EXERCISES IN CARTOGRAPHY. By FRANK DEBENHAM. London: Blackie 

& Son, 1937. 10X7"'2 inches; 136 pages; illustrations. 8s 6d 
The author in his preface gives a definition of Cartography which is in 4tself 
an indication both of the object and of the scope of this book. ‘‘Cartography,”’ 
he says, ‘‘stands in somewhat the same relation to Geography as does the setting 
up of apparatus to Physics and Chemistry,” and again, “‘Cartography is a handi- 
craft and as such it should come early in any scheme of training provided that 
it is not allowed to obscure the real aim of the geographer.”’ 

The book itself deals very fully with Cartography as a handicraft and pro- 
vides full descriptions of the drawing instruments and materials by which the 
numerous exercises are carried out. The diagrams are excellent, and it is 
difficult to see in what respect they could be improved. The book sets out to 
present, in a form suitable for all who are teaching or learning geography, the 
lectures and exercises which are given in cartography to First Year Students 
at Cambridge University. It fulfils its purpose admirably and will prove invalu- 
able to those for whom it has been written. 


ECONOMIC AND HISTORICAL GEOGRAPHY 


THE BRITISH EMPIRE: A report on its structure and problems by a study 
group of members of the Royal Institute of International Affairs. London: 
Oxford University Press, 1937. 9 * 512 inches; viii +336 pages; map. 15s 

This Report on the British Empire forms an admirable background to the 

activities of the recent Imperial Conference. That Conference attains, in a sense, 

its golden jubilee this year, for it began as a Colonial Conference in 1887 and 
assumed its modern title after 1907. The change of title was symbolic of those 
changes within the Empire itself which culminated in the Statute of West- 
minster, 1931 (the text of which is given as an Appendix to the Report). The 

Report itself is divided into three parts: the first deals with ‘“The countries of 

the Empire,”’ the second with ‘“‘The fabric of the Empire,”’ and the third with 

“Imperial problems.”’ 

In the first part separate treatment is accorded to each of the Dominions as 
well as to the United Kingdom, Southern Rhodesia, India and Burma, and the 
Colonial Empire. Such a survey in the space of some 150 pages must necessarily 
be highly selective, and the method adopted has been to emphasize the factors 
in the various parts of the Empire which affect the relations of those parts to 
the Empire as a whole and to Imperial problems. Thus in the treatment of 
Canada, where it is more important than in Australia, attention is paid to the 
racial composition of the population: some account is given of Canadian 
nationalism, the relations with the United States, the constitution in both its 
federal and provincial aspects, the political parties, the foreign policy of the 
country, including its relations with the League of Nations, and the recent 
defence policy. Despite the difficulties, the treatment has been uniformly 
successful, as is shown in the handling of such complexities as the internal 
situation in India and the Irish Free State. 

Part II is a brief description of imperial institutions from the sovereign down- 
wards, and of the place of law and convention in the Empire. This paves the 
way for the survey of imperial problems with which the book concludes. Again 
a difficult task has been well accomplished in a survey, rather than a discussion, 
of such controversial topics as defence, the colonial question, economic problems, 
population and migration, etc. In connection with migration it seems scarcely 
correct to say that, “‘generally speaking, it is an historical fact that migration 
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in the Empire has been heaviest in times of prosperity.’’ Emigration, for 
example, from the United Kingdom in the nineteenth century seems rather 
to have been the result of “hard times and great expectations.’ Carrothers, 
in ‘Emigration from the British Isles,’ has emphasized the close relationship 
between depression and emigration, though he has pointed out that there is 
usually a time lag between the beginning of depression and of increased emigra- 
tion. It is true that in recent times depression by becoming more world wide 
has tended to dry up the stream of emigration, partly because the Dominions, 
having unemployment problems of their own, are unwilling to receive immi- 
grants in large numbers. 

This book must be recommended to all who wish to know more of the Empire: 
such knowledge is essential in view of the increasing importance and complexity 
of imperial problems and in view also of what the judicial language of the Report 
calls ‘‘the desire of totalitarian governments to find in imperialist adventure a 
psychological release for their people from the effects of economic misfortune.” 

Ws 


THE WANDERING SPIRIT: A study of human migration. By RAGNaR 
NuMELIN. London: Macmillan and Co., 1937. 10 X7 inches; xvi+ 376 pages. 
20s 

The wanderings of mankind over the earth’s surface have been the subject of 

many historical studies. But, as Dr. Numelin points out, attention has been 

concentrated largely upon individual reconstructions of particular wanderings, 
as against an analysis of the forces which have led to these far-reaching changes 
in human destiny. At this point the problem has been either ignored or glossed 
over by the postulation of a “‘wandering instinct,” “‘human restlessness,”’ or 

Wanderlust. Yet a moment’s thought reveals the inadequacy of these terms to 

cover the multitude of circumstances, motives and social customs which have 

determined the migratory movements and geographical distribution of humanity. 

The direct and scholarly way in which Dr. Numelin attacks this problem raises 

it at once from the level of particular reconstruction and a priori assumption 

to a legitimate and scientific study. 

Among the forces which have led to wandering the author gives primacy to 
“‘subsistence-geographical’”’ factors. Wandering on a major scale is essentially 
a change in the relation of human groups to land as a source of food supply. 
In this there are a number of variables which may have led to wandering: 
climatic change, differential fertility, abundance or scarcity, as well as the human 
factors of population increase or economic enterprise. But though Dr. Numelin 
establishes the primacy of these factors he does not adopt a simple geographical 
or economic determinism. Political ambition, religious motives, and values 
culturally assigned to travel have all played a part. And though he rejects 
the sweeping interpretations of psychoanalysis, he includes sexual and repro- 
ductive forces among the factors which have led to wandering. These manifold 
and interrelated forces which have directed human movements are carefully 
analysed and documented by the author. Yet he still believes in an ‘inborn 
wandering disposition to which it seems . . . that an instinctive, a physiological 
character must be ascribed” (p. 316). The observable universality of wandering 
in one form or another gives prima facie validity to this assumption. More 
convincing still is the differential craving of individuals for strange scenes and 
adventures, for new human contacts, and for bold, expansive economic enter- 
prise. Here we have a variety of motives which lead to wandering, against 
which must be set the complementary sentiments of attachment to the existing 
environment. The wandering spirit is always offset by a tendency to return 
home. For this reason the description of such peoples as the Australian 


284 REVIEWS 


aborigines as wanderers tells only half the story. Among them home is more 
widely defined as tribal territory, yet attachment to it is a very real emotional 
factor, embedded in economic, social, and magico-religious institutions. 

Perhaps Dr. Numelin will in the future give us an equally comprehensive 
treatment of these opposing or complementary forces. Here he is concerned 
with the problem of wandering alone and the wealth of his material justifies 
his rejection of the usual short-cut—the ad hoc postulation of a unitary “‘wander- 
ing spirit” as a universal principle. On the positive side his interpretations 
are not so satisfactory, largely because he discusses the problem in psychological 
rather than in cultural terms. The wandering tendency, he thinks, is modified 
and perpetuated by such factors as habit and imitation. But these terms are as 
inadequate as instinct when it comes to a discussion of complex and subtle 
cultural forces. A pilgrimage to Mecca, carried out once in a lifetime, is not a 
habit neither is it a simple matter of imitation, since none but those of a specific 
faith feel the urge to imitate. 

The conception of the slavish perpetuation of wandering by habit and 
imitation is bound up with the author’s adoption of the evolutionary approach, 
which tends to divert attention from the living reality of culture. Neither 
“atavism”’ nor “‘traditional remnants” (p. 316) have driven man to cross the 
Pacific in outrigger canoes or the Atlantic in ocean liners. In both cases human 
effort has been mobilized by the living forces of culture; by the imperative to 
the use of man’s artefacts, considered as an extension of his own personality 
and power; by the legends, traditions, and spiritual values which surround these 
material objects; and by the personal and political ambitions actively created 
within the framework of culture. These are in no sense an evolutionary survival 
of a stage when stark economic necessity drove men to wander, and the recog- 
nition of their validity enables us to look forward as well as backwards. Man has 
always wandered, and always will wander, not because of any single driving 
instinct, much less because of the vis inertiae of ‘‘traditional remnants,’’ but 
because culture, which man is constantly creating and which is constantly 
re-creating man, gives always a new significance and attraction to the world 
beyond his immediate ken. 


GENERAL 


TEN SMALL YACHTS—AND OTHERS. By Maurice Grirritus. Cheaper 
edition. London: Edward Arnold & Co., 1937 (first published in 1933). 
7125 inches; 224 pages; illustrations. 6s 

The author of this book is the editor of The Yachting Monthly, and readers may 

thus be assured that he writes with authority. What he has to tell them about 

buying, running, and selling small cruising boats on limited means renders the 
purchase of the volume a sound investment to any one who thinks of doing 
likewise. Those who already own boats will learn much on how to make the 
best of the good and bad points of various types, while an ever-present theme is 
that the qualities of the owner are of much greater importance than those of the 
boat: a man of pluck and ready mind, even without great experience, can do 
successful work with an inexpensive old boat that may have seen her best days. 

Mr. Griffiths does not allow his ideas to crystallize beyond argument. He 

admits that he is cursed with a critical mind, which largely accounts for his 

ownership of ten vessels in thirteen years, and he is always ready to learn. On 

the véhemently contested question of gaff versus Bermuda rig he writes as a 

temperate advocate of the gaff. But since the publication of the book he has 

built himself a ten-tonner to his own design, and she is Bermuda rigged. 
As We 
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THE SOILS OF CAMBRIDGESHIRE 

The Ministry of Agriculture and Fisheries has issued a bulletin (No. 98, 
1936) on the ‘‘Soils of Cambridgeshire (excluding the Isle of Ely)’’ prepared 
by Messrs. H. H. Nicholson and F. Hanley. It contains coloured physical and 
geological maps of the county and a number of excellent photographs of the 
different types of landscape. The treatment is on the same general lines as a 
few earlier county surveys, which appeared many years ago, beginning with a 
general description of the soils in relation to geology, topography, and drainage, 
and passing on to a detailed discussion of each type, particularly as affecting 
agriculture and farming methods. The mechanical and chemical data given in 
the bulletin are derived from an extensive survey of the soils of East Anglia 
made in recent years by members of the staff of the Cambridge School of 
Agriculture. 

Although Cambridgeshire is a county of generally low relief it possesses 
considerable diversity of soils and scenic type as between the chalk uplands 
in the south and the fens in the north. The fact that the county forms part of 
the basin of the Great Ouse, coupled with the geological structure of the region, 
affords a convenient division into five main areas: (1) the chalk ridge, escarp- 
ments and slopes of the south-east; (2) the boulder-clay plateau of the south- 
. west; (3) the Gault plain between (1) and (2); (4) the fen country; and (5) the 
Jurassic fringe between (2), (3), and (4). 

Through the chalk country and Gault plain run alluvial belts along the Cam 
and its tributaries. The solid strata, which run in roughly parallel strips from 
south-west to north-east, giving rise to the well-marked topographical features, 
do not possess unbroken surface exposures but are in places covered by areas 
of recent drifts such as the high Boulder Clay regions in the south, the Fen 
alluvia in the north, and the gravels around Cambridge and Newmarket. 
Amid eighteen different formations specified Boulder Clay occupies the highest 
percentage of the area of the county (21°8), followed by the Middle Chalk (184), 
Chalk Marl (10°8), Alluvium (10°6), and Gault (10°5). In the fens the soils 
are of three main types: peat, loam, and shell marl. The peat may vary in 
depth from a few inches to 15 feet, and in many places it does not lie directly 
on the older formations but on a dark greasy blue-grey material known as 
“buttery clay.” 

The preponderance of conditions suitable to agriculture is reflected in the 
very small proportion of the surface of Cambridgeshire under woodland—only 
one per cent. in comparison with fourteen for Sussex and five for England. 
The chief sources of water supply are the lower Greensand and Chalk. In the 
heavy clay districts good roads and farm-land communications are relatively 
scarce, and in winter the condition of the Fen country droves is a source of 
hardship which local authorities are now making efforts to mitigate. 


THE GEOGRAPHY OF SIND 


Mr. M. B. Pithawala is continuing his researches in the geography of Sind, 
and has recently published the first two parts of ““A geographical analysis of the 
lower Indus basin (Sind). These monographs are a comprehensive attempt 
to apply modern methods of regional survey to an Indian province, in order 
that its individual problems may be approached with a sound understanding of 
their physical basis. It is natural that an inhabitant of the Indus valley, which 
owes so much to the existence of the river and many of its difficulties to its 
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divagations, should be impressed with the weight of geographical factors in 
history. Though the writer is not altogether to be classed as a determinist, in 
his introduction on India as a whole he is inclined occasionally to err in this 
direction, as, for example, when he writes that ‘‘the people of India are hetero- 
geneous in character, because the different local physical conditions, e.g. uneven 
distribution of food and water, have made them so.”’ This dictum does not 
prevent him from the generalization that the peoples of India are ‘‘a soft people 
of the soft soil.’’ The great Sukkur barrage, whose importance he soundly 
appreciates, is an example of human power to modify environment. 

The lower Indus basin is a well-marked unit, and the sub-division of Sind 
presents no difficulty, the three main sections being the Western Highlands, 
the valley proper, and the desert areas on the east falling within the administra- 
tive boundaries. Among the subjects dealt with are the geological history of 
the river, its regime, the growth of the delta, and the sub-soil water-levels, 
with their importance for human settlement. Most of the second monograph 
is devoted to the subject of agriculture, and consequently of irrigation, and the 
results and drawbacks of the barrage are discovered. Since the inauguration 
of the scheme in 1932, the cotton crop has increased four times and the wheat 
crop has doubled. The tendency to concentrate upon cotton, at the expense of 
food crops, foreshadows difficulties in the future. The use of irrigation water 
has also directed attention to the problem of soil fertility. The parts at present 
published do not deal with population and settlement directly; no doubt 
further monographs will treat of these. Mr. Pithawala’s work, and the literature 
he quotes, are evidence that the problems of Sind are receiving due attention. 
A large number of distribution maps and diagrams are included. These pub- 
lications are obtainable from the author at Karachi. 


INDIANS AND THE RESOURCES OF EASTERN CHIAPAS 


A recent traveller in the eastern portion of the State of Chiapas, Mr. D. W. 
Amram, contributed to the Geographical Review, January 1937, notes upon its 
geography, communications, and Indians, illustrated by a map based upon 
compass traverses and barometric heights. The isolation of this area has resulted 
from the lack of practical routes from the plains of Tabasco across the limestone 
ridges of the Cordillera. The writer distinguishes three regions: the highlands 
around Ciudad Las Casas; the sub-tropical valley of Ocosingo and the head- 
waters of the Rio Jataté; and the little-known area of mountains and lakes to 
the east, known as El Desierto. The first is suited to the growing of temperate 
crops, and dairying could be profitable if communications were better. A road, 
passable for strong motors in the dry season, connects Ciudad Las Casas with 
the capital, Tuxtla; and an intermittent aeroplane service, which covers the 
35 miles in 20 minutes, is available. This journey takes two days on horseback 
in the rainy season. The people are mostly of Maya-Quiché stock, some 
Spaniards and Germans being found in the town, chiefly connected with the 
coffee industry, the sole commercial link with the outside world. Anti-alcoholic 
legislation has improved the condition of the Indians, and their numbers are 
increasing fairly rapidly. They control the main food and fuel supplies of the 
town. The sub-tropical zone, in Tzeltal Indian country, is potentially rich, 
but suffered much during the agrarian revolution, and also from the lack of 
communications. Recently the Occucero Indians have been induced to leave 
the mountains and occupy the abandoned lands around Abasolo (formerly 
San Martin). Forty families are now established there, and more are arriving. 
The most important change has been the development of education. 

The great El Desierto region is also potentially rich, but until now much of 
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it is unexplored except by the mahogany cutters. Vast supplies of mahogany 
and cedar await exploitation, cacao and vanilla grow wild, and iron ore is also 
said to be plentiful. Recent policy has extended the zone of occupation, for, 
with the abandonment of the ranch system, groups of Tzeltal Indians are pene- 
trating the forests from the north, and others from the Guatamalan border. 
This area shelters the last remnants of the Lacandon Indians. These, now 
numbering scarcely more than one hundred, living in isolated groups, are the 
descendants of those who escaped from the missionary policy of re-settlement 
on the coastal regions, carried out in the eighteenth century. They are self- 
supporting except for supplies of salt, which they formerly obtained from north- 
west Guatamala, and it is the lack of this essential which is leading to their 
disappearance. They are a friendly and industrious people, entirely unlike 
the character traditionally ascribed to them, of average Indian height, with 
long hair and prominent aquiline noses. The southern groups show less 
evidence of outside contact, and are probably more closely akin to the ancient 
Maya. In each encampment clay idols are kept in a special hut, attended by 
the priest, who is also the chief. The whole area deserves archaeological examina- 
tion, for house mounds and even ruins of stone temples are to be found. 


RAINFALL OF PACIFIC ISLANDS 


In a monograph “Die Niederschlagsverhialtnisse der Siidsee-Inseln’’ [Aus 
dem Archiv der Deutschen Seewarte 56 Bd., Nr. 5, 1936] Dr. Hubert Tiillmann 
discusses the rainfall of the Pacific islands on the basis of records from 503 
stations, about a third of which have a record covering twenty or more years. 
The area considered is defined by the parallels of latitude 30° N. and S. and the 
meridians of longitude 130° E. and W., and the distribution of rainfall within 
it is shown in a number of zones: the equatorial with marginal belts, the 
north-east and south-east trade belts, and the Asiatic and Australian monsoon 
belts. The mean annual fall exceeds 5000 mm. (200 inches) along the central 
axis of New Guinea, over many of the island groups near the equator, and on 
the more mountainous ones in other parts, and only drops below 500 mm. 
(20 inches) east of Hawaii. The relation of precipitation to the joint effect of 
relief and prevailing winds is especially well marked, and the maps show extra- 
ordinary local contrasts in small individual islands of the Hawaii, Fiji and 
Samoa groups, places to windward of the trade winds receiving over 5000 mm. 
and leeward slopes less than 500 mm. The greatest rainfall (14,274 mm.) and the 
smallest (51 mm.) in a single year are shown by places in Hawaii in the sub- 
tropical belt of the north-east trade, as also the greatest quantity in a month 
(2845 mm.) and in a day (811 mm.). 

Another outstanding characteristic of the rainfall is its uncertainty from 
year to year, and a good deal of space is given by the author to the discussion of 
droughts and critical periods. The small islands of Nauru and Ocean Island 
situated on the equator near the Gilbert group have a most interesting régime. 
Their high mean annual fall of 2000 mm. (80 inches) is due to large excesses 
in a few years, more than 8o per cent. of years being dry. At Ocean Island 
the driest year has provided no more than 361 mm. and at Nauru 423 mm., 
quantities which were exceeded at the former in a single day in February 1905. 
The high frequency of dry years in Ocean Island and Nauru is attributed to 
the small difference of temperature between sea and air, and it results in the fact 
that the economic basis of both islands is not the cultivation of crops but the 
export of guano. 

Dr. Tiillmann’s work is a valuable contribution to our knowledge of the rain- 
fall of a region showing peculiarities of exceptional interest. The complex 
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seasonal distribution of rain in the various island groups is copiously illustrated 
by diagrams and tables. 


ERUPTION OF MOUNT DARNLEY, BRISTOL ISLAND 

Through the courtesy of the Ministry of Agriculture and Fisheries we have 
received from Comdr. C. E. Hughes White a description of the eruption of 
Mount Darnley which he witnessed from the s.s. Sourabaya, when drifting 
through Forster’s Passage between Bristol Island and Thule Island. Mount 
Darnley was observed to be getting active on the evening of 18 December 1936, 
and erupted slightly at 23.50 (ship’s time). On 1 January 1937 another eruption 
took place at 00.15, and although the Sourabaya was 55 miles south-west of the 
island, great masses of red-hot lava could be seen hurled into the air, and a 
stream of lava running down into the sea. Comdr. Hughes White estimates 
that the whole top of the volcano was blown off. On December 17 the whales, 
which had been numerous, had entirely disappeared, and did not return until 
the 19th: Comdr. Hughes White considers that possibly the earth tremors 
before the eruption had scared them out to sea. 
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MRS. FRANCES EMILY WESTON 


Mrs. Weston, the second daughter of the late Sir Francis Fox, the dis- 
tinguished engineer, was born in 1872. From her father she inherited a great 
love of nature in all its forms, and showed promise as a climber from her earliest 
days. After her marriage to the Rev. Walter Weston in 1902 she took seriously 
to mountaineering. During her residence in Japan she climbed Fujiyama and, 
with her husband, made pioneer ascents of other mountains. She was one of 
the first members of the Japanese Alpine Club. She was closely associated with 
the work of the British and Foreign Bible Society in Japan, and her ready 
sympathy and gentle courtesy endeared her to Japanese of all classes. In England 
missionary work in south London, and particularly the Missions to Seamen 
and its work among Japanese seamen at the London docks, claimed her attention. 
Mrs. Weston was deeply interested in all things Japanese, and especially in 
Japanese art and decoration. 
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